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.I. INTRODUCTION 
A. Preface 
Much has been written about the electronics indus-
try and its spectacular growth since World War II. A substan-
tial portion of this growth was due to our national defense 
requirements and the purchase of television by most house-
holds. As electronic equipment became more intricate and cum-
bersome, a demand was placed on electronic research organiza-
tions to devise some way of developing smaller components that 
also would use less power .. 
The transistor has been developed as a substitute 
for the vacuum tube. It has four significant advantages: 
compactness; long life; lack of need for a heated cathode, 
and the smaller amount of power required. These factors ma.ke 
the transistor appear to be the answer to the woes of elec-
tronic companies who found that their equipment became so 
complicated that size began to limit the use of their products. 
Reliability also was a~ important problem the industry faced. 
As more and more components were used, the system became more 
apt to fail. The only remedy was to increase the reliability 
of each component. Since transistors have proved so much more 
dependable than vacuum tubes, they have helped considerably 
in this respe.ct. 
As an example of how they have helped simplify el.ec-
tronic equipment, two.very important uses for transistors can 
be seen in electronic computers for business and the military. 
8 
International Business Ma.chines Corporation has an electronic 
computer using 2,200 tra.nsistors. In capacity, it is equiva-
lent to its type 604 calculator, a widely used model that is 
equipped with 1,250 vacuum tubes.·. ·Although their quantity is 
greater, the transistors have cut -down the power consumption 
by 95%. That eliminates the need for a bulky power supply, 
and a forced-air cooling system. 
Printed wiring is another innovation in the compu-
ter; it eliminates ·conventional bulky wiring. IBM is now 
marketing commercial transistorized computers with far greater 
capacities than their bulkier and less efficient predecessors. 
The military receives benefit in a similar way. 
Present aircraft· and missiles are designed to perform very 
complicated functions. Strict reliability of the equipment 
is required while using little space and power. The size of 
air-craft is·growing fantastically mainly to carry the increased 
load of electronic equipment for fire control, radar, compu-
ters, communications, etc. Consequently,.by replacing vacuum 
tubes with transistors the capabilities of the aircraft are 
increased substantially with no increase in size. It is ob-
vious that as· an airplane is de,signed to_ do more_, it must 
become larger to hold the increased aceessory equipment which 
in turn makes it necessary to sacrifice maneuverability and 
speed. 
For the users of transistors, the shift from vacu;.. 
um tubes has not. been easy. You can 1 t simply simply pull a 
9 
of its socket and plug in a transistor. It has been difficult 
:ror Product Engineers working with transistors to change their 
techniques. They have had to become educated in the physics 
of semi-conductors. 
B. Scope of this Study 
The transistor industry is in reality not an indus-
try in its own right but a segment of the send-conductor in-
dustry. The semi-conductor industry is engaged in the devel-
opment, production, and marketing of transistors and diodes.# 
Since the materials used in the manufacture of these components, 
silicon and germanium, are the same for each and their markets 
. 
are identical, a manufacturer of one will almost surely make 
the other too. However, the significance of the transistor 
is substantially more important than the diode. The former 
has meAap·it possible for the design of. complex electronic 
equipment to be substantially s~ller, less power consuming 
and generally more efficient. 
Consequently, in a study of this sort, it should 
prove wise to narrow the scope to the transistor phase of the 
semic-conductor industry. 
c. ~ork Done By Others 
It appears that no single treatise has been written 
as a complete study of the-transistor il';ldustry. Most of the 
#Transistor--a device for amplification consisting of a semicon-
ductor material to which contact is made by three or more 
electrodes •. ·Diode--a device .with two elect.rodes having an 
anode and a cathode and unidirectional characteristics. 
10 
contributions have been r~ther superficial, as found on elec-
tronics in general. The only complete studies available are 
of a technical nature and deal essentially with the operation 
and application of transistors in electronic circuits and 
equipment. 
However, a vast number of articles have been pub-
lished in the various periodical literature. 
D.· Approach 
In a study of' this sort, a complete job is diffi-
cult without providing an adequate background. However, the 
study of solid-state physics in general and transistors in 
particular can become quite technical. So to do justice to 
this paper as a thesis requirement in Business Adndnistra-
tion, the operation and history of transistors should be dis-
cussed but on a level that technically is relatively simple. 
A discuss~on of important factors involved in the industry 
is included. 
11 
II. OPERATION OF A TRANSISTOR 
A. Transistor Theory 
·It was Bell Laboratoriesr search for a substitute 
for the vacuum tub~·that led tothe diSC()Very of the tran-
sistor,. Certain materials had long been krtown to science 
. ·' .. . . 
that·were neither conductors of electricity nor insulators, 
but could detect electron signals. Some of these materials,· 
known as semi-conductors, had been used at the beginning of 
the electronics era--they were the crystals in early radio 
sets. But although their perfo~nce could be measured, no 
one understood why crystals performe~ as they did, and they 
were forgotten when the electron tube came along. It was not 
until the di·Scovery of the transistor in 1948 that the study 
of solid-state physics was revived. 
Selenium.,· silicon, and germanium, when combined 
with certain impurities, are the most popular semi-conductors. 
There are other materials exhibiting similar properties, but 
they are not used as extensivel~ as the three mentioned. In 
. . 
most cases they are too difficult to refine with the required 
level of impurities. 
Selenium is widely used in power rectifiers and in 
s~~f-gerierating photocells. 
Silicon is used primarily in high frequency diodes 
and transistors. 
Semi-conductors permit electrical current flow to 
take place more easily.in one direction than in the othersa.nd 
~ , ............. '. ~. ~ 
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consequently can be used as rectifiers or diodes. In addition, 
other physical conditions may affect the flow of current. Such 
conditions include light, heat, and the presence of other 
electrical fields. It is the last property that makes the 
transistor possible. 
Current flow through a semi-conductor may take place 
by two different methodst although one generally predominates 
in a. particular case. 
Under some conditions, free electrons may be detached 
from atoms of the material and may travel through the substance; 
much in the same way that normal current flows through ordin-
ary conductors. Those semi..;.conductors that permit current 
flow to take place· primarily by means of free electrons are 
called 11 negative" or "Nn type materials. A typical example 
of an N-type material is pure germanium to which a small amount 
of arsenic has been added as an impurity. 
On the other hand, if there are few free electrons 
in the material, the molecular structure of the substance may 
be such that valence bonds are left unsatisfied, and the elec-
trons are actually required by· some of the molecules.· In this 
case, the uabsence" of an electron in a particular molecule 
may be considered as a nhole". The molecule having the "hol@~ 
. .... 
may rob an adjacent, electrically neutral, molecule- of1an 
electron, 1leaving the second molecule with a hole.·· .For a'!-1 
. . . 
practical purposes then, the holes migr~te through the mat~r- .. 
ial acting like a current fiow of positively_charg~d P,articles. 
- --,-- ----- ---
13 
If the current flow through the ma.teria.l is primarily by means 
of 11holes 11 , then the semi-conductor is called a npositive" or 
trpn type material. A P-type semi-conductor may be formed by 
' I 
· · a.dding a small amount of indium to otherwise pure ·gerlna.nium. 
Regardless of whether a particular substa.:nce is an 
N or a P-type material_. it should be remembered· that 11holes11 
may exist in an N-type or free electrons ma.y exist in a P-
type semi-conductor. Both holes a.nd free electrons may also 
be formed by passing c~rrent through-_ the material. 
B. -Junction ·Transistors 
If a 'junct.ion is- nia.de up of an N and a P-type semi-
conductor . .as shown in Figure 1. and a. d.c. voltage· is applied 
to it, the amount of current flow that takes place depends on 
the polarity of the applied voltage. -
0 0 0 0 
.N. 0 op o 
. '. . . 0 o 'o 
0 0 • 
TERMINALS 
·Figure 1. Schematic representation of an ·N-P junction of 
semi~conductor material. Such a junction is made up of a 
single piece of ma teria.l (a ·single crystal) but with the 
ends havinp:different electrical characteristics. 
•. 
.· 
•. 
.. 
If the negative terminal- of- the power source is connected to 
. ,•' 
the N-typematerial; free electrons will move away from the 
. . 
tertrJ.inal and 'toward the junction of the two substances. In· 
a similar- fashion_, .the ·holes in :th~- p..;type material will 
' . ~· 
.. . . 
migrate away from .the positive ·terminal towards the. junction_, 
. - --~ 
... wh;ere they can combine With the fJi.ee. electrons of the N-type 
ma.terial .. Under these cond-:1. tions, . the junction permits a free 
exchange of positive ~ndnegative charges (holes and eiectrons) 
. . . 
and a large curret?-t flow to take place_. ,It might be said that. 
the junction offers- low re-s;tstanc~ to· current flow, or t;hat . 
it acts like a good.· c.onductor. 
If the pos_i ti ve tertninal of the Voltage source is 
•. . . ' 
connected to the N-type .ma.terial, the free electrons will ·move 
toward this termina.l and away from the junction while the 
holes in the P-type Iriateri·al will move_ a.wa.y from the jqnction 
.- a.nd toward- the negative terminal of ·the power source. Com~e­
quently, with the d.c. supply voltage reve~sed, few electrons 
and holes are present at the junction. Under these conditions, 
the previous excha.nge of positive and negative charges is 
q·uite difficult and-~very.little current flows past the junc-
tion. The junction now offers a high resistance to the cur-
'. 
rent flow and acts like an insulator. Since a junction of 
this type offers ',!.ow resistance to current in one dir_ecti<;>ri, 
.-and high resistance to current in the opposite direction, it 
may be used as a rectifier or as a diode. 
'15 
The next considettation should be the action when 
two junctions of the type described above are provided. This 
is possible by using three layers of semi-conductor material, 
with the middle layer of the opposite type from the two out-
er layers. 
"---+-4 II - - I r 1--:+-----J 
'--'PowE~ Suf"f'l.'l SA1"TE ~IE~ J 
Figure 2. Schematic representation of an NPN junction tran-
sistor, showing power supply connections and input and out-· 
put load resistors. 
,If the outer layers are N-type material and the 
inner la.yer is a P-type material, then the unit is called 
an NPN junction transistor •. Such a transistor is represen-
ted in Figure 2. However, if the outer layers are p;.;.type 
material and the inner ·layer, and N-type material, a PNP junc-
tion transistor results. 
! I 
I 
I 
1 .. - 16 
Referring again to Figure 2·, if a voltage source 
is a.ssumed to be connected to "bias" the left-hand ··junction 
in its low resista.nce direction, a good cu!'rent flow will 
.result, limited primarily by series resistor Rin' and produc-
ing an excess of electrons-in the middle material. If the 
. 
other junction is now biased in its "reverse", or high rasis-
tance. ·direction, . current flow can only. take place through 
this junction because of the excess of electrons in the 
center material, 
Now, if th~ current flow through the left-hand 
junction is var;ied, the number of excess electrons in the cen-
ter material Will be changed, and similar variations Will 
occur in the "reverse" current flow through the right hand 
junction. · !n practice, a change in the current flow in the 
left-band junction is. prodti.ceO.. by adding a small a.c .. signal 
in series with the d.c. "bias" current .• · 
In many cases,. the currents in the two circuits may 
be on the same order of magnitude. However, a large p9wer 
gain may be realizedbetw~eri the input ~nd output' circuits 
. 
because of the difference in impedances. 
With the circuit arrangement shown in Figure 2, the 
left-hand terminal of the transistor is called the "emitter". 
The middle section is called'the "base". and the right-hand 
terminal is th~ tt coll.ector" .• Since the base-emitter circuit · 
·. . 
is bia.sed in its low impedancej ·it .fol*IrlS a low-impedance cir-
cuit. The collector (output) ·circuit; 'biased in its "reve-rsen 
or high-resistance direction, forms a high impedan~e circuit. 
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It is this difference between output and, tnput impedances 
that permits gain to be obtained a.nd the transistor to be 
used a.s an amplifier; even though the emitter and collector 
currents may be nearly the same. 
In the PNP junction transistor, power supply vol-
tages are reversed in polarity and the major conduction is 
by holes instea~ of electrons. Otherwise, the operation of 
the two "transistors is similar. 
The part which is to be the emitter is treated 
during manufacture to perform this function best,_ while the 
part designated for the cqllector has been prepared especiallY 
for such service_. Opposite sides of a single piece of crys-
tal are ~r the compositions which are to-act as emitter and 
collector. In between there is a section, about one-thou-
sa.ndth of an inch thick, which will act as the base. 
The usual symbol for the junction transistor is 
shown in Figure 3. The base is represented by a straight 
line,~ with emitter and collector repres·ented at angles to 
the base. ·The slanting line for .the emitter is marked with 
a sma.ll arrowhead, which generally points toward the base in 
'. 
EMITTI:.~ .· COLLE~TO R. 
BASE 
Figure 3. Junction transistor symbol . 
the case of PNP transistors. However, there is some tendency 
to use the same symbol for.hoth types of transistors. Where 
there is any doubt about the type of'transistor indicated ~n 
. a scheinatic diagram, manufacturer·1EJ. type numbers should be 
checked.* 
C. Point-Contact Tra.nsistors 
There is a second method of transistor construe- · · 
tion, resulting in a unit called a "point-contactn transis:-
tor. Thi·s method of construction is illustrated, schemati-
cally, in Figure 4. 
"-·· / 
Co 1...1...1!C.'T'Oie 
Figure 4.. Construction and element arrf!1ngement for point-
contact transistors •. 
In ·the .potnt-coptac~ tra.risistor, the 1.nternal con-
nections to emitter and. collector are .ma:de through the ends 
of ver;y small wires in conta.ct with the surface of the 
*3 p. 25' 
I 
19 
crystal at po1.nts very close .. together. · ~s actually construe;-
. . ~ ted.the ccystal of the point-contact transistor may be only 
about 1./20 inch in diameter, a.nd about 1/50 inch thick. . The 
two contacts are spaced about l/500th of an inch apart; they 
may be .even closer together in high frequency types.* 
Junction transistors are considerably more stable 
as amplifiers than the point-contact variety and are capable 
of grea.ter pawer gain. A signal can be boosted 10,000 times 
( 40 db •. ) as ,against 100 times ( 20 db.) with. point-contact 
types.** Junction transistors hav·e considerably less noise# 
than the point-contact types, which also enhances their use 
as amplifiers. 
• • 
#This is caused by undesirable but as yet uncontrollable 
electron aqttvity in the crystal •. 
*8~ p. 19 
**8, p.' 21 
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III. HISTORY OF TRANSISTORS 
A. Intrpduction · 
22 
· The transistor has been described as an .outstand-
ing illustration of the va.lue ·c,r· teamwork in modern research •. 
The patent papers may showit to be the invention of J. 
Bardeen a.nd W. H. Brat-tain., but their discovery was made pos-
. . 
sible only through the success of previo~s contribution and 
with the help of co-workers who specialized tn many different 
fields. 
B. Crystal Detectors Before 1920 
Silicon is the most plentiful element on earth, next 
to oxygen. and its existence seems to have been known as far 
back a.s the alchemists.. Even though it is so plentiful, it 
is not found free in nature, but as one of the forms of sili-
~ 
con dioxide (Sio2) such as sand, quartz, etc.* It was first 
separated and identified as an element in 1823 by the Swedish 
chemist Jons Jakob Berzelius (1779-1848). 
At the time of his preparation of the orderly scheme 
of chemical elements which is now known a.s the periodic table, 
Dmitri Iva.novich Mendelyeev (1834-1907) predicted that the 
missing element inhisperiodic table** below silicon and ti-
tanium would have many of the properties of the adjacent ele-
ments, and he called it eka-silicon.***# In 1886, Clemens 
*4 p. 330 
**6, P~ 234-5 
***1, p. 128 
# EKA-next in order 
-. -·- , I 
Alexander Winkler (1820-1896), a German chemist, extracted a 
substance from a.rgyrodite (4 Ag2S, GeS2), a complex silver and 
germanium sulfide, found in the Himmelsfurst Mine, Freiberg$ 
Saxony. Germany.* Winkler analyzed the argyrodite and was 
able to identify all but about 7 per cent of the mineral$ 
upon which he assumed the existence of a new element which 
he called germanium.# Germanium has since been found also in 
zinc ores, silicate materials, certain coals, and germanite.** 
Meanwhile a number of discoveries by well-known 
scientists such as Marconi, Edison, and Fleming led to an 
understanding of radio signal detection. This fostered the 
. 
devetopments leading to the discovery of the transistor. 
In 1906 Henry Harrison Chase Dunwoody (1842-1933) 
then with the DeForest Wireless Company, but who had served 
in the United States Signal Corps and had been retired as a 
Br· tgadier General, invented the carborundum crystal detector. 
It "~11as not a whisker type of detector, however, but used a 
piece of electric-furnace carborundum between brass holders.*** 
Carborundum (SiC) must have suggested the idea of silicon to 
Greenleaf Whittier Pickard (1877-) who filed a patent in 1906 
for a crystal detector in the form we know today--a cat whis-
ker in contact with the crystal. 
*1, p. 135 
#Derived from Latin word for Germany--(Germania) 
**4, p. 316 
***2, p. 3 
I 
I 
-- I 
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c. Germanium Rectifiers 
Probably due to the less frequent occurrence of 
germanium compared with silicon, and to the comparative nov-
elty of the element,.the rectifying action of germanium was 
not observed until about nine years after Pickard's invention 
o·f the silicon point contae_t crystal detector. In 1915, Cerl 
Axel Fredrick Benedicks (1875 - )-. a. Swedish inventor, first 
discussed the point contact rectifying a.ction of germanium.* 
This discovery seems to.have_ increased interest in the ele-
ment. for in the following years re.covery of germanium from 
the chloride and the oxide was achdeV~d. Germanium was also 
successfully purified. In the years following Pickard's dis-
covery, and up to the discovery of the transistor, much of 
the theory of semiconductors was developed. But it was not 
until 1946 that Walter H. Brattain, of the Bell Telephone 
Laboratories, described "rectification by semiconductor to 
semiconductor contact".** Robert G. Sachs of Purdue University 
. 
in the same year, proposed a "multicontact theory of recti-
fication".*** 
D. Discovery of the Transistor 
The high-voltage germanium rectifier was discovered 
by Seymour Benzer at Purdue University in 1942. Because of 
war-time restrictions no disclosures were made to the public 
until 1944.**** 
*2, p. 3 
**10 p. 582 
***11, p. 6go 
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At the Bell Telephone Laboratories, a.n experimental 
as well as a theoretical study on the high-voltage rectifier 
was made.· William Shockley supervised the theoretical ap-
proach. As the investigation progressed, certain unexplain-
able phenomena~ were considered. John Bardeen proposed the 
expla.nation. · Jt not only fitted .the phenomena mentioned above, 
but also predicted the results o:f additional experiments made 
soon thereafter to check the theo-ry. 
Brattain and Bardeen next tried a!k:1 electrolyte in 
contact with a semiconductor surface, reasoning that the liq-
uid would ·obtain the best 11contact" to these surface charges. 
They found that· the den.si ty of the surface states could by · 
varied by application of.a. potential (voltage) across the 
.. 
electrolyte. The next step was to control the density of 
the surface electrons by a metal·contact near the whisker of 
the high-voltage rectifier. The control of these surface 
charges by the added electrode (cat whisker).completed the 
structure now known asa "transistorn (TRANSfer resiSTOR).* 
The first public announcement of the tral".sistor was made in 
June. 1948 (Patent No. 2,524,035) filed June 17, 1948.# 
*2' p. 4 
**2. p . .s 
#Bra.ttain and Bardeen were awarded the Nobel Prize in 1956 for 
their contribution to science along with W. Shockley who w~ 
be discussed. 
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E. The Transistor After 1948 . 
In July of 1949, W. Shockley. of the Bell Telephone 
Laboratories published a theoretica.l analysis in which it was 
shown that because ·a. PN junction can inject a .hole current · 
into an a.djacent N-type material it per"forms essentially the 
function of' .an .emitter. · Accordingly. he predicted that a 
PNP type of tra.nsistor~ consisting· of area contacts rather 
than point contacts', should. be a practical device. 
In 1951 a.nd 1952 Shockley reported ··on various. other 
types of transistors which he helped develop, From 1953 on, 
numerons investigation.s have been in progress to determine 
the ut~lity of other elements and intermetallic compounds for 
possible transistor·applications. 
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IV. MANUFACTURING PROCESSES 
A, . Introduction 
The intense interest in the transistor shown by 
electron-tube research and development engineers may be attri-
buted to the fact that the transistor performs functions sind~ 
lar to those of: triode-type electron tubes, although the 
mechanism of conduction is quite different. The transistor 
is of particular interest to equipment desi.gners, who see many 
circuit possibilities in its characteristics." It is very small 
in size, and the power requirements for its operation are 
extremely low. As more suitable circuit's are developed,. 
space and power requ+rements :f'or complex electronic equipment 
can be simplified to a large degree by the use of transistors. 
Another good feature. is that the _~opera.ting life of certain 
types of transistors shows indications of being very long, 
thus minimizing replacement problems. The physica.l rugged-
ness of the transistor.· offers. other obvious advanta.ges. In 
a.ddi tion, the transistor requires no !'warm-up" time but will 
operate insta.ntaneously upon application of voltage to its 
electrodes. A good example of this is the way the newly 
marketed transistor radios play as soon as they are turned 
on while the standard electron-tube radio needs about 15 
seconds to warm.up before playing. 
The limitations of the present transistors, however, 
must not be overlooked. Transistor characteristics vary with 
ambient temperature changes" the noise is high compared with 
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that of electron tubes, and the power output is relatively 
low. Nevertheless. when the fa.vora.ble characteristics of the 
transistor a.re weighed against its limitations, it appears that 
it is destined for use in many applications. Further improve-
ments in its characteristics undoubtedly will create new and 
expanding fields for its use. At .the same time, the princi-
ples or send-conduction in solids may be expected to play an 
increasing part in the development of many new elect.ronic 
devices., of which the present transistor ~s but the first. 
Two types of transistors, the point~contact type and 
the junction type, were discussed in Chapter·tr. The develop-
ment in the point-contact type has reached a. more advanced 
stage and more is known about its performance with respect 
to frequency of opera:tion, life, and ·uniformity of character-
istics. However, the junction tranststor promises to be at 
least as importa.nt as the point~C'~ntact tt>a.nsistor in many 
a.pplications. The diffusion :type is also gaining in popular-
ity. 
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B. Germanium 
1_; Preparation 
The heart of the transistor is the germanium ~rye­
tal. Germanium is a send-conductor .a metallic-like substance 
having conductivity greater than tha.t of an insulator but less 
\ 
than that of a conductor. I~s resistance, in contrast with 
that of metals, decreases as its temperature -is raised. Other 
I 
types of semi-conductorEl, such as silicon, lead sulphide, and 
' selenium, have been used in transistor work, but, to the 
present time, germanium has proved the most successful. 
Germa.nium is known mostly ·for its use in point-con-
tact diode rectifiers which have been available commercially 
for several years. These devices have achieved widespread use 
in many present-day applica.tions. 
In the United States germanium is obtained most fre-
quently as a by-product of zinc mining. It has also been 
obtained in cpnsiderable quantities in Great Britain from flue 
dust residue. Enough ashes and soot are shoveled out each year 
in England alone to provide 2,000 tons of germanium or 15 b~ 
lion transistors.* Manufacturers of gernia.nium products receive 
this substa.nce in the form of a germanium dioxide powder. The 
conversion of the dioxide into crystals for use in transistors 
involves some of the most impQrtant and critical processes in 
the manufacture of germanium devices. The electrical charac-
teristics of the transi~tor are dependent ~o a considerable 
degree upon the characteristics of the.germanium. 
*8, p. 15 
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The control of transistor characteristics to acceptable tol-
erances depends upon the uniformity of the germanium. 
The resistivity of the germanium, an important fac-
tor in transi.stor operation·, is dependent upon the presence 
' ' 
in the germanium of minute quantities of certain impurities. 
If no impurities are present in the germanium crystal, no 
transistor action· ta.kes place. If too many impurity atoms 
are present, however, the gernia.nium becomes too conductive and. 
transistor action is adversely affected. The impuri tles whih~ 
enhance the transistor operation should be present in the ratio 
of less than one atom to every ro',ooo,ooo germanium atoms.* 
Because of their exceedingly low concentration, it is quite 
difficult to detect the quantity of impurities present in 
the germanium crystal. Some of these impurities are actually 
present in the germa.niumdioxide as it is delivered to the 
manufa.cturer. It is desirable, however .• to remove as many 
impurities as possible by purification techniques so that 
controlled amounts of them may be added to obtain the desired .. 
values of resistivity. 
.. 
*18 
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2. Reduction 
The initial process in the conversion of germanium 
dioxide to the f~nal crystals for transistor use is the reduc-
tion of the dioxide to a. germanium metallic powder. This pro-
cess is performed in a hydrogen atmosphere at a temperature 
of approximately 650 d;egrees centigrade. The powder is then 
melted at a. temperature of about 960 degrees Centigrade and 
is formed into ingots. After the ingots are formed~ they may 
be subjected to o.ne. or more stages of purification. 
3. Purification 
The germanium is purified by any one of a number 
of processes. but the. most ·efficient and most commonly used 
is that of zone purification, or zone melting. The imp~rities 
pres'ent in the greatest concentration are usually nickel, 
calcium, copper, manganese. arsenic, iron, and silicon, al-
though not necessarily in the order given with regard to per· 
·cent concentration. It must always be borne in mind that, 
when dealing with transistors, germanium must be used with 
extremely high orders of purity. because concentrations of 
impurities which would not cause difficulty in the highest 
purity copper, for example, would make germanium virtually 
useless for transistor applications. It is for this reason 
that purification processes in transistor preparation are 
much more difficult and extensive than in comparative puri-
fication processes ·for othe.r materials~ As an example~ 
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purifica.tion may be accomplished by fractional distillation 
of the germanium dioxide. but the material obtained is usually 
not sufficiently free of impurities to be suitable for tran-
sistor manufacture. 
. . 
.. 
In preparing germanlum the most successful approach 
has been to .PUr~fy the material· to the maximum extent possible, 
as will be discussed subse~uently. This produces germanium 
of higher resistivity than is desired for transistor fabrica-
tion. It is then possible to de~iben:1a:te'ih~:v -add impurities 
of the type and quantity desired to yield germanium of the 
type (Nor P) and specific resisti:vitysrequire<?-. 
4. Zone Melting 
In the zone-melting process the ingot is usually 
placed in a carbon container, or.boat, and the entire assem-
1 
bly surrounded by a qua.rtz tube in which a suitable inert 
gas. such as argon. is continuouEJly circulated. A short sec-
tio.n of the germa.niUIQ. ingot is mel ted and the mol ten region 
. . 
moved slowly al~ong the bar. The gas serves to maintain a 
small internal pressure so a.s to keep out undesirable impur-
ities and air. One or more coils.· of two or three turns 
each. are wound around the quart~ container to provide the 
induction heating necessary to melt the germanium. The use 
of as many as six coils is common to permit purification, in 
one pass, equal to that possible with six passes using a 
single coil. The boat is pulled through at a rate of a·few 
inches per hour. 
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Most impurities in germanium prefer the liquid 
phase rather than freeze into the solid state and will be 
swept along with the molten zone. Consequently, the impurities 
will be concentrated toward one end, of which a length of 
about one inch is usually cut off. Except for this end re-
gion, germanium with a resistivity as high as 60 OHM-CM may 
be obtained (See Figure 5, p. 14). There is .. theoretical and 
experimental evidence that the maximum resistivity of ger-
... ·' . 
~ ' ·. , 
ma.ntum may·,be as high as 65 OHM-CM. Some elements when pre-
.~"·::.·, ~ . . . 
sent a.s impurities add to the a.vailable caJJ:.f.i'ers of electric 
., ... -
.. 
current. and hence the observed resistivity increases with 
purity and may be used as a measure of purity. 
5. Crystal Pulling 
The single-crystal germanium necessary for tran-
sistor manufacture is obtained by a process called "crystal 
pulling". This is the preferred method although other tech-
niques for preparation of single-crystal germanium have been 
used successfully. In the pulling process, purified germa-
niumis melted in a crucible, and into this melt, maintained 
in a non-reacting atmosphere, a germanium seed is lowered. 
The seed.is a small piece of single-crystal germanium. The 
crystallographic orientation of the seed with respect to the 
surface of the molten germanium determines the orientation 
of the resulting crystal obtained. 
As the seed is slowly withdrawn from the melt, the 
molten germanium adheres to it and grows over the seed to form 
a single crystal uponsolidification. Ingots of germanium of 
a kilogram or more· in weight may be obtained in this manner~ 
Close temperature control is absolutely necessary during the 
pulling process, and control mechanisms accurate to the order 
of O.l°C. have beeri developed for this purpose. To promote 
uniform crystal growth and mixing of added imPurities, the 
melt is often agitated by superimposing a small-amplitude 
vibratory motion on top of the withdrawing, vertical motion. 
Also--the seed is usually spun at a speed of about 100 R. p-.M. 
With good control of the melt temperature and rate of seed 
withdrawal, very uniform crystals may be grown. 
6. Impurity Control 
As previous~y described, the zone-purifica.tion pro-
cess yields germanium of greater purity than is optimum for 
transistor manufacture. During the crystal-pulling process. 
impurities in controlled amounts may be added to decrease 
the resistivity to desired values. When the impurities a.re 
. 
a.dded they a.re usually small pellets of elements such as 
arsenic or indium. Since a pellet of the impurities alone 
would be quite small, a. common practice is to prepare a. 
germa.nium.;.impurity element alloy which can be tested and 
handled more conveniently. The agitation of the bath pro-
motes uniform distribution of the impurity added throughout 
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the melt This is necessary in order to accurately determine 
the number of impurity atoms which must be added to obtain 
the desired resistivity germanium and to obtain a. crystal of 
uniform chara.cteristics. 
7. Four-Probe Resistivity Measurement 
At the end of the reduction process, but more.com-
monly after the zone-purification and crystal-pulling pro-
cesses, it is desirable and often necessary to test the re-
sistivity of the ingot for process-control purposes. In the 
early days, a specimen had to be cut, carefully finished to 
·Jt 
size, and its resistivity measured by a potentiometer method. 
Not only was the preparation of the specimen timeconsuming, 
but in addition, cutting up of the ingot was necessary. If 
the resistivity was not acceptable, the ingot had to be broken 
up into smaller pieces and the entire operation from melting 
to purification repeated. With the development of the four-
probe method. it is no l.onger necessary to cut out a specimen 
since the resistivity is obtaina.ble directly from the ingot. 
Four equally spaced probes located along a stra.ight line are 
placed on the ingot:, and a voltage is applied between the two 
outer contacts. If the current is adjusted to a critical 
value, the voltage between the inner probes is.exactly the 
resistivity of the material, in suitable units. Tb.is.contri-
bution to material processing has substantially shortened 
measurement time. 
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8. Single Crystal 
When the crystal is obtained from the pulling pro-
cess. with a. little experience, one can determine by visual 
iY'spection whether the crystal is mono-or poly-crysta.lline. 
The absence of grain boundaries at the bottom and sides is 
usually a. sufficient indication that a single crystal is at 
hand; where doubt exists, the crystal is etched i.e .. treated 
in an acid bath in the manner to be described below. Etching 
if properly done, will bring out grain boundaries in an unmis-
takable manner clearly visible to the unaided eye. 
9. Slicing and Dicing 
If the crystal is a single crystal, and if the 
resistivity measurement indicates that the purity is correct 
for the application desiredJ the ingot, now in the form of an 
irregular cylinder perhaps 8 inches long and 1 inch in diameter, 
is ready for the slicing operation. It is necessary to dis-
tinguish between the slicing operation--in which the cylindri-
cal ingot is cut into slices perhaps o.o~o inch thick by 
cutting at right angles to the longitudinal axis--and dicing, 
where the resu1tingslices, or wafers, are cut into small 
squares of about 0.1 inch on a side, the size depending upon 
the application. Slicing is done by diamond saws .. approxima-
tely o.o:eo inch thick which are normally single. Dicing is 
done similarly by means of somewhat thinner diamond saws. 
Recently~ there has appeared another method of dicing in which 
I ---
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the wa.fers or slices are SC?ratched, just as one scratches 
glass for cutting, ··and then the slice is broken up into 
component dice. Dicing is also done by cutting blades vibra-
ting in a vertical plane at supersonic rates. The a.mpli-. 
tude of vibration is quite small. It is useful to observe in 
passing that germanium is quite brittle, with a hardness 
approximately equal to that of glass. The die of single-
crystal germanium of correct resistivity is the starting 
point for the construction and assembly of the transistor. 
10. Etching 
One of the most importa.nt steps in the procedure 
outlined above. from the reduction to the preparation of the 
dice is that of etching. The ingot obtained from the reduc-
tion process may be etched to remove surface oxides or other 
impurities a.nd occasionally to reveal the grain structure. 
A common etch for this purpose consists of.one-half hydro-
fluoric acid (HF) and one-half nitric acid (HN03). After 
the zone-purification process it may be desirable to clean 
again to remove surface oxides and reveal grain boundaries. 
The same etch ma.y be used. After the crystal is pulled, the 
ingot may again be etched to assist in locating grain boun-
daries if a perfect single-crystal structure has not been 
attained.• Here an etch called superoxol, which is the 
strongest concentration of peroxide obtainable, may be used.* 
*13,. p. 1338 
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Or ferric chloride (FeC12) may be used and the sample heated 
for about 15 minutes until tbe liquidboils.· After slicing. 
the wafer is usually· etched to remove saw ma.rks and to reduce 
the wafer size to the thickness desired. Sometimes, when 
deep saw marks are present which cannot be removed by etching, 
the wafers may be ground with a fine·carborundum powder paste 
to obtain a. very smooth surface. Carborundum lapping may 
also be used to get a smooth surface for the four-probe test. 
All surface cracks and irregularities must be removed from the 
germa.nium die or chip before construction of the transistor 
if a high reject rate is to be avoided. For this reason 
and to get a uniform thickness for the diffusion process to 
be described, lapping and etching are essential steps in 
transistor fabrication~ When the dice have been cut to size, 
I . 
they are etched again to remove surface films and oxides 
before final transistor assembly operations are undertaken. 
The etches mentioned are representative, but by no means are 
they all inclusive. Many variations and combinations of the 
very active acids are in use, particula.rly mixtures of hydro-
fluoric acid, nitric acid, and hydrogen peroxide (H202). 
Each laborator·y through practical experience has established 
mixtures suitable for its own requirements. 
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11. Cat Whiskers 
Superficially, eat whiskers appear to serve an 
elementary role: that of providing a convenient electrode 
connection to the semi-conductor material. To a large ex ... 
tent in the manufacture of crystal diodes, cat whisker ma~ 
terials have been selected on the basis of mechanical eonsidm 
erations. Since cat whiskers are placed in pressure. contact 
with the semiconductor, materials which can be formed into 
good springs are preferred. 
. . . 
In the ease of point cont~ct transistors, the mech• 
a.nical·aonsidera.tions outlined are equally important; however, 
it is found experimental.ly that the choice of cat whisker 
material has a considerable influence on the electrical pro" 
perties of the transistor. Phosphor bronze wire has been 
found to possess excellent-spring properties and to form bet-
ter than most materials investigated. It is not clear why 
phosphor bronze cat whiskers form more readily than cat whis ... 
kers of other materials. One hypothesi~ is that a small 
region ofP-type germaniul:Jl is ~reated under-the collector 
during forming and that the phosphor in the phosphor bronze 
diffuses into.the germanium during forming. 
Phosphor bronze wires are sometimes also used for 
the emitter eat whisker. Forming, of the emitter, however, is 
unnecessary and may even render the transitor's characterise 
ties less useful by reduction if the emitter reverse resistance. 
'to 
~be material for the e~tter eat whisker may therefore be 
'selected on the basis that ~ t will not form readily and that 
it possesses suitable mechanical properties. Berryllium,?op.,. 
per satisfies the first requirement and can be shaped into 
wir~s and pointed with the same tools and fixtures necessary 
. . 
for phosphor bronze. It is therefore Widely used as the emite 
.· . 
ter cat whisker material in point contact transistors. 
Cat whisker wire is usually 0.005 inches in diameter 
and of the specified material and hardness.. The wires are 
bent into the desired shape, welded or soldered to the support" 
ing members (See Fig~ 6), and cut tq length. The wires are 
pointed either by cutting or grinding .a·t an angle to reduce 
.. . 
the area of contact with the surface of the germanium and to 
permit close spacing.of the points. 
In the preparation of the germanium pellet, one 
face may be plated for convenience in soldering to the base 
plug or mounting tab. After the cat whiskers are mounted and 
eorreotly spaced arid the germanium wafer is soldered in place, 
the assembly operation may proceed. The subassemblies are 
introduced into a case or mounted on a suitable stem. The 
germanium pellet is then brought up to the whiskers by an 
operator who views the operation through a microscope or with 
the aid of a shadowgraph, and adjustments are made for the 
correct spacing and pressure of contacts.. The collector is 
formed by means or a suitable high voltage and current pulse, 
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usually obtained from a condenser discharge circuit. Electri" 
cal tests are performed as the transistor is pulsed to obtain 
the desired characteristics. 
12. Precautions 
Throughout the entire.assembly process a high order 
of cleanliness is maintained to avoid films of oil, dirt, or 
oxides on the germanium pellet or adjacent surfaces. Many 
manufacturers apparantly feel that air conditioning is an 
asset during assembly, although it does not provide the full 
degree of dryness and cleanliness actually required. In some 
cases the germanium pellets are deliberately coated with an 
inert wax until ready for use to avoid connamination. It has 
been found that a monomolecular layer of moisture on the sur~ 
face of germanium is sufficient to produce deleterious effects~ 
In the assembly process, the units may be either hermetically 
sealed or encased in a suitable plastic to protect the germa-
nium surface and, incidentally, to make the unit opaque to 
light .. 
13. Effects of Manufacturing Control 
The details of transistor manufacturing have a 
noticeable influence on the characterizing parameters. Gen-
erally, one characteristic may be improved only at the expense 
of another, but usually manufacturing processes can aim at 
particular charapteristics to obtain special desires. The 
, 
control of transistor parameters in manufacture cannot be 
said to be very precise at present, and the 'field of quality 
control will undoubtedly experience many significant changes 
and improvements in the next few-years. The foregoing is not 
intended to disparage in any way the rapid progress which has 
been made in transistor technology, but rather to point out 
that further progress must be made before all variables will 
be under adequate control. 
14. Junction Transistors 
Junction transistors are manufactured by a variety 
· of processes which have_ a common characteristic-formation of 
a PN junction. The junction may be formed by a diffusion 
, 
process, or during the crystal-pulling process, but in either 
c·ase a sandwich consisting of· two N or P layers separated by 
··a P or N layer, respectively, must be achieved. The startixg 
material for the diffusion process is in the form of a die 
cut from a wafer. In other methods the junction is produced 
during the crystal-growing operation. In all cases, the 
preparation of the semiconductor material is the same, and the 
parameters must be controlled and known before commencement 
of the actual transistor construction. 
15. Diffusion Process 
Fundamentally, the diffusion process consists of 
placing a small pellet of P-forming impurity (for PNP trahe 
sistors) on a die of N-type germanium followed by a suit-
able heating cycle •. The P-forming impurity, usually indium 
or gallium diffuses into the germanium, forming a P region of 
germanium in intimate contact with the N-type germanium. The 
process is repeated on the other side of the germanium die 
resulting fn a second junction, and a PNP sandwich is obtained. 
In practice, the manufacturing techniques are somewhat involved, 
and, if the unit is not made _in a very precise .and controlled 
·manner, satisfactory junctions are .not obtained. This process 
will be discussed in more detail to indicate manufacturing 
techniques which are necessary for junction transistor produc-
tion. 
16. Details of the Process 
Assuming that the germanium is of the right purity, 
mobility, etc., and has been properly etched and treated, the 
size of the die used must be correct. If too large in area, 
germanium is wasted. It may be noted in passing that 1 t has 
been estimated that, after proper preparation, germanium is 
worth over $200 per pound. A pellet thickness of 10 mils is 
considered maximum, typical values are usually less, .about 
0/005 inch. However, this value is the final thickness 
desired after processing. A thicker die is aut from the 
wafer since lappingand etching operations may remove as much 
as 0.005 inch. Ifthe thickness is insufficient, the indium 
will fuse throughand "short" to the diffused area on the 
other side. If the dimensions are made too small, also, 
mechanical manufacturing difficulties are encountered, 
particularly in the matter of attaching leads, handling, etc. 
Pellets approximatelyO.l inch on a side are preferred, the 
actual dimensions varying from_manufacturer to manufacturer. 
But any one laboratory will use pellets-all of the same size 
for convenience except where transistor design considerations 
dictate otherwise. Material with a resistivity below 10 
OHM-CM is usually employed. 
The indium itself must have a high-order purity 
since clearly there is no point in using ultrapure germanium 
if the P-f'orming mateli!1lal contaminates it. Indium with purity 
better than 99.9 is essential, in the manufacture of PNP 
transistors. (Using a P-type material and a lead-antimony 
(Pb-Sb) dot, NPN transistors result.) The size of the dot 
is quite important if _the emitter dot is too large, particular-
ly with respect to ·the collector dot, the current amplifica-
tion factor is low; if' too small, electrical connections to 
it are difficult to make; in addition very low power units 
will result because of the very small areas involved. If.tne 
collector .dot is too large, the collector resistance is 
reduced because of the large area; if too small, the current 
amplif'icat~~-P. factor is poor and the ptiWer rating low. Usu ... 
ally an emitter dot is somewhat smaller than a collector dot. 
A typical value of emitter dot is o.4 x lo-7 inc~ and for 
the collector approximately twice- this size. .The relative 
size of emitter and collector dots is as important as the 
absolute size of each. 
Jigs are used to align emitter and colleator·dots. 
Very poor aharacteristics result .from improper alignment. 
Particularly vulnerable to misalignment is the base resistance$ 
whiah apparently increases rapidly with the departure from 
alignment. The indium dots are etched in a solution of hydro-
·~ fluoric acid and ni trio aaid$ just as are the germanium pel-
lets$ and are then washed in distilled water and dried. Even 
connecting wires$ usually tinned so that no copper surfaae is 
near the germanium$ are etched and kept absolutely clean. 
. •. 
All units of the assembly. are handled with tweezers which are 
chemically clean. The.jigs which align the pellets of indium 
and hold them in place against the germanium dice are similar-
ly carefully etched and then cleansed in running water. 
It ll'lB.Y well turn out that ll'lB.ny of these precautions 
are unneaessary. It may turn out also as a result of added 
. experience in the succeeding years that aspects to whiah we 
now give little attention, such as light intensity in the 
area, possible bombardment of the room by energetic particles, 
or the contamination of the room atmosphere ?Y personnel, are 
the important things and ~hat chemical cleanliness is a 
secondary matter. Nevertheless, even today there is experi-
. ~ . . . 
mental evidence that this cleanliness is essential and failure 
to maintain c~e~}iness ·increases shrinkage. In any case, 
~uality control in transistor manufacture today is far from 
the state one might desire, .and manufacturers are continuing 
to study techniques which offer prom1se of improving production 
yields .. 
17. Fu~nace ·ope~ations 
With the germanium die of the right characte~istics, 
. . - . . 
the indium dots pu~e, of ~ight size, and p~operly aligned, 
the assembly is placed in an ~ven. Acc~ate cont~ols of 
tempe~atu~e, atmosphere contamination, arid time a~e absolu-
tely essential. If the temperatu~e is too high~ or the time 
in the oven is too great, -the emitte~ and collecto~ fusion 
areas will meet within the ge~nium pellet, shorting across 
the base region. If the temperature is too low, or insuffi-
cient time is allowed, the diffusion ·is inadequate, the junc-
tion N ~egion is too wide, and the desired characte~istics, 
particularly frequency response and current amplification 
factor, suffer badly. An oven temperature of approximately 
530° c. is an average value used, and the time necessary 
ranges from 1~ to 2i minutes. In all cases, the time-tempe~a­
ture cycle is determined by a trial-and-error process. During 
the heating cycle, not only is the temperature carefully con-
trolled, as well as the time, but in addition a dehumidified 
gas is constantly circulated in the oven to prevent moisture 
o~ undesired contaminants from affecting the junctions,. The 
gas coverage and rate of circultaion have a pronounced effect 
upon the resultant transistor since these factors control 
the diffusion of the P-forming material. To bring about a 
I . i' ~-
controlled stoppage of the extent of the. diffusion, a quenohi,ng 
, 
.gas is circulated at the end of the desired "cooking" time, 
usually at a much higher flow rate than during the diffusion 
period. 
18. Final Steps 
After baking, the units are again etched to elean 
the surfaces and to remove miscellaneous filaments of metal. 
Electrolytic or chemical etching may be used. The leads may 
be attached. at any time during the process described, depend-
ing on the experiences or the individual manufacturer. Low~ 
temperature solders such as Cerrobe~d (70°C.) or Cerroseal 
(l2o0c.) are sometimes used 1 but in general many manufactur~ 
ers prefer to avoid use of these low•temperature solders for 
obviou~ reaso~s. Preference is given to attaching wires to 
the indium dots while still molten and to welding or brazing 
techniques to attach the leads to the base. 
Thereafter, the unit may be vacuum sealed, hermetie 
cally sealed with some inert gas, or plastic eneapsulat~d. 
• I 
19. Grown Crystals 
Metallurgically, there are several. methods by which '·, 
single crystals large enough for.transistor&manufaeturing 
purposes may be grown. Of these, two lend themselves specifi-
cally to the production of NPN sa.ndwiehes-.... the technique of 
.. 
doping during the pulling process and the rate-grown junction 
method. In this chapter, the former process will be given ~n 
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more detail. The rate-grown junction method is not yet fully 
developed and is not regarded as an established manufacturing 
procedure. For the doping~while-pulling process 1 very ~eti­
culous care is necessary to obtain simultaneously a single 
crystal~ an NPN junction of sui table dimensio;ns 1 and a resis-
tivity variation and a P-layer thickness in ~he crystal which 
may be tolerated. 
20. Process Details 
Reviewing once again the crystal-pulling process 
discussed in section 51 it must be noted that an inert gas 1 
usually argon1 is kept flowing in the chamber eonta~ing the 
melt and the seed. Because pulling rates differ with the 
. , 
type of material being handled at any instant 1 provisions are 
necessary to vary the rate of upward pull,. Also 1 the thick-
ness of the barrier or P layer is controllable by variation 
of the rate of pulling and melt temperature. Rates of rota-
tion while pulling vary 1 rates up to 150 RP.M. and higher~ 
being in use. Upward pulling rates similarly vary.over a wide 
rangel from less than o.l inch per hour to as· high as 4 inches 
per hour and more. It is considered by many .that rapid rates 
of rotation produce more uniform mixing of the doping agents 
introduced and therefore more uniform resistivity measured 
radially in.the ingot. 
Lowering the seed into the melt to initiate the 
crystal-growing process requires very specific and careful 
manipulation. The temperature of the melt must be correct 1 
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usually of the order of 960° c. The seed must melt slightly 
at its lower end before upward pulling commences in order to 
start the surface tension which is constantly and. carefully 
sustained during the entire process and Which permits the 
continuous crystal growing observed. Further~ even if the 
bond between seed and melt is sufficient to maintain the 
surface tension and growth~ it is observed in practice that 
a single crystal will not result unless an adequate bond is 
obtained. 
As the seed is withdrawn, the molten germanium so-
lidifies about it, and because of the tendency ~ germanium 
to solidify as a succession of crystals, th~ seed grows to 
form a large germanium crystal, with no grain boundaries. 
The diameter of the crystal obtained is usually much larger 
than the maximum diameter of the seed; a typical example is 
a seed with a maximum dimension on a side of about 0.25 inch 
and the resulting crystal about l~ inch in diameter. 
21. Doping 
The starting point is usually germanium of purity 
greater than required and this is doped, using antimony, 
. . 
arsenic, or other suitable impurities, to the desired resis-
tivity, perhaps of the order of 1 OHM-CM. The resistivity 
of the three regions of the NPN sandwich is not the same, 
for best results~ the resistivity decreasing by a factor of 
about 10 in each successive lower layer. Since it is not 
convenient to measure the resistivity of germanium when in 
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the molten state, the quantity of impurity added is usually 
obtained by calculations plus experiment. The first or 
upper region is usually drawn at a fairly rapid rate, near 
the upper limit stated above, until a reasonably uniform 
crystal diameter is achieved. The rate is normally reduced 
at this point preparatory to pulling the P layer. The rate 
of rotation is.maintained constant throughout. 
When the system has stabi~ized at the new pulling 
rate, a P-forming impurity, usually indium, added in carefully 
controlled amounts and of known pur:tty, and the pulling allowed 
to proceed so as to establish a P layer approximately o.ool 
to 0.003 inch wide.. Thin layers are desirable for high cur-
rent amplification factor and good frequency response, but 
require the utmost control and pulling skill. Not only must 
the layers be thin, but also they must be or ·uniform thick-
ness across the crystal and, in addition, or uniform resistiv-
. ity measured across the sectional area. Moreover, the thick-
ness and uniformity must be reproducible from crystal to 
crystal, because one crystal produces only about 200 NPN 
sandwiches or the dimensions required in junction transistors. 
After the desired P layer has been obtained, N-
forming impurities such as arsenic or antimony are again added 
to convert the germanium to N type again. Sometimes bismuth 
is added to the arsenic to obtain the desired distribution 
of the impurity. The crystal is then grown from another 
short region, ~ inch at most. It is not feasible to grow 
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additional junction because the melt is now of a resistivity 
less than O.l OHM-CM and additional doping can only further 
decrease the resistivity. The process must be begun over 
again. Of course, once the steps, quantities, rates, etc., 
are determined by experiment, automatic programming equipmem 
may be added to furthe;tt improve un1form1 ty. 
22. Finishing Processes 
The crystal is then removed, cleaned, and etched 
and the location of the barrier noted. Chemical etching, 
sandblasting, and plating techniques are used to locate the 
barrier region. The crystal is then sliced and diced, as 
explained above, into pellets each possibly 0.1 inch wide by 
0.15 inch long by 0.015 inch thick, care being taken to cut 
parallel to the barrier. The wafers are lapped and stoned, 
diced, and lapped and etched again. Many manufacturers per-
form several of the final operation in a low-humidity atmos-
phere. The idea is to obtain uniform chips or pellet sand-
wiehes of uniform size, surface condition, and mechanical state. 
Polishing or grinding is known to produce amorphous polycry-
stalline layers, and these must be carefully etched away. 
The pellet is placed in a suitable jig •. Terminals 
are connected to the two N terminals usually by soldering 
directly to the germanium but sometimes by· soldering to a 
plated surface. The entire unit is again etched, as it is 
after every other process, and washed. The wire is prepared 
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for attachment to the center P region; by a micromanipulator 
jig the wire is slowly moved across the surface until the P 
region is located. Oscilloscopic indications of correct 
characteristics are used to indicate when the wire is loca-
ted on the P region. The center electrode is usually lightly 
welded. The unit is then either encapsulated in plastic or 
vacuum, or gas sealed, after which electric.al tests are per-
formed. Units may also be aged for a period of 24 to 96 
hours, and the characteristics measured again. Shrinkage 
for these processes may easily reach 50 per cent, but present 
manufacturing experience is making great inroads into these 
figures. In the last few years, a vast amount of manufactur-
ing know-how has been accumulated. Further development of 
many processes is still required. 
23. Germanium Salvage 
During the manufacturing process, beginning with 
the reduction of the dioxide through the purification, etch-
ing, slicing, dicing, lapping, and associated operations, an 
appreciable fraction of the germanium is lost. Because the 
basic material is so expensive, particularly after the puri-
fication process, it is profitable to reclaim as much of the 
germanium as possible. 
Such pieces of germanium as may be useless for the 
final product because of breakage, polycrystalline structure, 
improper resistivity, improper size or shape, etc. are usually 
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broken up into smaller pieces and remelted in the appropriate 
process. The loss in the various cutting processes and the 
lapping and etching steps represents as large a fraction of 
the total germanium loss as do all the other causes combined, 
and the reclamation is somewhat more difficult. It is per-
haps of interest to note that, without salvage of germanium 
scrap, as little as 1 per cent of the germanium initially used 
would be included in the final product. Also of interest is 
the fact that the width of the saw outs when germanium is out 
into wafers and slices is of the same order or magnitude as 
the resulting pellets. 
24. Recovery from Sludge 
There are two basic philosophies which may be fol-
lowed in germanium recovery: · (l) the waste from each step is 
carefully segregated and treated differently. (2) The waste 
germanium or sludge is mixed trom all operations; then a uni-
form chemical process is used to recover the metal, which is 
then put through the entire purification operation. 
In,the first method, solid germanium pieces are 
returned to their respective steps, depending on the known 
resistivity of the piece. Sludge from the slicing and dicing 
process is simply dried, remelted, and zone refined. Lapping 
sludge is a water mixture usually; the water is. decanted, the 
resulting mass dried and cleaned by etching. Liquid obtained 
.. 
from the etching process is first boiled to remove volatile 
.. 
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compgunds~ then chendcally treated for recovery of the germa-
~lilrJ.l;l metal. Many of these processes are still in quasi-
experimental stages. 
In method 2~ chlorine gas is passed over the sludge 
to form germanium tetrachloride (Gecl4). The action is for-
t~tely exothermic~ and little ex~ernal. heat i~ needed. The 
I . 
germanium tetrachloride is condensed and· distilled~ then 
allowed. to flow into ordinary distilled water to form the 
dioxide. The dioxide is dried to. a powder~ then put through 
the entire process~ as explained in the f~rst part of this 
chapter. 
It is difficult to compaJ:'e these two processes and 
even more difficult to select one as preferable. But the in-
escapable fact that has already been observed is that the 
expense involved is less than the ~alue of the germanium re-
covered~ to say nothing of the additional control possible by 
use of material of known history .• 
) 
25. Sutrm'lS.ry 
The essential points of this chapter are: 
1. The essential steps :l.n the manufacture of transistors us-
ing germanium are reduction, purification, single-crystal 
growing, slicing, dicing, .and assembly. 
2. Absolute cleanliness and the highest type of quality con-
trol are indispensable to a. profitable transistor production 
line. 
' 
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3. Junction transistors are made by two principal processes: 
alloy or fusion, and grown junction. 
4. Recovery of scrap and sludge germanium is profitable. 
c. Silicon 
l. Introduction 
The elemental semiconductors are found in column IV 
of the periodic chart and are identified a~ grey tin, germa-
nium, silicon, and carbon in the form of diamond. Grey tin 
exhibits semiconducting properties only at temperatures below 
0° c. and so has attracted little COWllercial interest. ·en 
the other hand, both germanium and silicon have been, and are 
being widely exploited for semiconductor devices. Germanium, 
..r. 
although considered a rare element, has doininated the semi-
_conductor market until the present time because of the ease 
of chemical purification and handling. However, germanium is 
. . 
scarce ~nd i1t~ao has the temperature limitations since it 
fails to.exhioit setniconductor properties much above 100° c. 
Of the elemental semiconductors', silicon appears to have the 
brightest future and will undoubtedly supersede germanium in 
many devise areas. ~This ·is true beca.use of its abundance in 
nature and also because silicon devices_ exhibit favorable 
semiconducting characteristics above 200° c. The semicon-
ducting properties of carbon in the form of diamonds are 
being studied in research laboratories today, but have attrac-
ted no attention from devise manufacturers. It thus becomes 
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the purpose of this section to examine silicon and to discuss, 
in particular, its processing and purification. 
Silicon as a semiconductor material is rapidly re-
ceiving wide acceptance. It appears to be the one elemental 
material that will dominate the semi-conductor business in the 
future. Silicon for semiconductor usage is derived by the 
r~ction of a silica or quartz. This impure silicon is cor:r 
verted to silicon tetrachloride, silicon tetraiodide, or other 
similar silicon compounds for further chemical purification. 
Hyper-pure silicon is commercially available today, only by 
the zinc reduction of silicon tetrachloride. Other processes 
are being developed, one of which is the reduction of silicon 
tetraiodide. Zonal purification has proven desirable in sili-
con purifiaation work in order to homogenize the siliaon, to 
facilitate controlled doping for specific devices to improve 
the quality of the bulk material by elimination of deleterious 
elements, and finally, to reclaim scrap silicon for further 
processing and·use in tl;l.e semiconductor device areas. 
2. Reduction 
Silicon is the moat abundant solid element on the 
surface of the earth. Because of its great chemical activity, 
it is never found free in nature. The simplest natural state 
'· 
for silicon is that in which it is c~~bined with oxygen in the 
form of quartz or silica, that is Si,C2 • It is this form that 
is selected by the chemi.st in order to prepare elemental sili-
con. 
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People interested in purifying silicon for semicon-
ductor purposes start with a low-purity material reduced di-
rectly from Si02 • If an excess of silica reacts with carbon 
at extreme temperatures in an inert atmosphere, the resultant 
pt'¢>ducts are carbon monoxide and silicon. The elemental sili-
. 
con ·'derived from this process car;ries with it such impurities 
as iron, copper, aluminum, manganese, and other elements 
that are deleterious to semiconductor devices. Two processes 
for producing semiconductor grade silicon are the zinc reduc-
tion of silicon tetrachloride and the decomposition on quartz 
of silicon tetraiodide. Silicon tetrachloride can be derived 
by the direct reaction of chlorine with silicon or the reac-
tion or carbon and chlorine with silica. For the latter con-
dition, high temperatures are required. Silicon tetrachloride 
when reacted with zinc at a temperature above the boruling 
point of zinc chloride yields, on proper processing, a high 
purity of silicon that has been commercially successful puri-
fying silicon to semiconductor grade. This is the zinc 
reduction of silicon tetrachloride which is used by duPont 
and Sylvania, supplies of si+icon for· semiconductor use. 
The General Electric Company has devoted consider-
able effort to the silicon tetraio¢1ide process.* Here silicon 
is reacted with .iodine to convert the silicon to the tetra-
iodide form. The silicon tetraiodide is then allowed to 
*12, p. 35 
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reerystallize several times in a solvent. The silicon tetra-
iodide derived by reerystallization is then fractionally dis-
tilled in a large distillation column. Finally, it is decom-
posed at approximately 900° c. on a hot quartz tube. It is 
of interest to note that the purification process reduces a 
99.7 per cent pure material to one having a purity greater 
than 99.999999 per cent. This represents an impurity contero 
of less than one part per .100 million. 
3. Zone Refining 
In spite of the high degree of purity after chemical 
purification, the silicon has not been consistently a.dequate 
for controlled semiconductor usage. It has been found advan-
tageous to control the impurities to even a higher degree and 
to eliminate such impurities as iron, nickel, copper and man-
ganese to less than 1 part in 10 billion. 
Had the purification of silicon no.t progressed over 
the past several years, its use would still be limit.ed to a 
narrow scope of semiconductor devices, such as detectors. 
However, in order to arrive at a purer, more uniform product, 
most companies proeess the hyperpure silicon with a densifi-
cation process and with the additional purification of zone 
refining. 
Starting with the needle like silicon derived dir-
ectly from the decomposition chamber, a thin walled quartz 
test-tube approximately one inch in diameter and 15 to 18 
... 
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inches long is used to cast what is called premelt ingot. , 
This is obtained by melting a small kernel of silicon in the 
)bottom of the test tube and then adding needle silicon to t~s 
melt. In a short period one is able to cast a polycrystalline 
ingot of about 15 to 18 inches in length. The quartz tubing 
is removed from the ingot by dissolving in hydrofluoric acid, 
and it is this ingot that is then zone purified. 
Zone purifieation is a powerful ll'J.E!tllod of purifying 
materials to a greater degree. It is universally used with 
germanium. and it has proven valuable in silicon purifieation. 
Zone refining of silicon has been engineered to the point 
where it is per~o~d on a routine basis. All impurities are 
rejected to the ends of the bars as discussed in the previous 
chapter. 
In order to understand the purification processes 
used in semiconduetor work three proeesses should be dis-
eussed--normal freezing, zone leveling, and zone refining, 
In normal freezing, a eompletely homogeneous liquid is per-
mitted to cool direetionally from one end of a boat. As the 
liquid freezes, impurities are rejected from the solid to the 
liquid phase with the result that the initial material has 
been purified while the tail end has had its impurity eoncen-
tration inereased. In zone leveling, a small molten zone is 
established at the front of an ingot. Impurities may be pur-
posely introdueed into this zone. Then as the zone moves 
60 
through the bar3 a condition ms reached where the number of 
impurities entering the narrow molten zone are balanced by 
the number of impurities solidifying out of this zone. This 
technique permits the generati,on of a· homogeneous material 
except at the front and back ends of the ing0t. Next, zonal 
purification is the passing through an ingot of successive 
narrow molten zones •. In this process, it is noted that each 
successive zone.removes impurities from the front and carries 
the impurities to the back end of the ingot. Without the 
intentional addition of impurities such as in the zone level-
ing process, this technique succeeds in purifying materials 
such as metals and semiconductors. 
4. Advantages of Zonal Purification 
The resistivity of a semiconductor is a measure of 
the impurity content of the material. Lifetime is a measure 
of the rate at which charge carriers recombine and is indica-
tive of the crystal perfection. It also gives some indica-
tion of the level of iron, copper, and other harmful elements 
in the semiconductor material. 
In 1952 it was difficult to obtain any :materia~ 
having a resistivity greater than 30 to 40 OHM-CM, which 
indicates a total impurity'content of approximately one 
impurity atom f0n every 107 silicon atoms. However, to 
manufacture reliable silicon·Semiconductor devices, a very 
careful control of the number of impurity atoms is needed. 
It has been found that lots of silicon have fluctuated 
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considerably in quality. Zonal purification has been extremely 
valuable for homogenizi~~- these lots.. Consequently, the indus-
try now possesses the ability to reproduce duplicate lots of 
material with'zonal purification. 
I 
Unlike germanium, silic.on sludge and croppings from 
.. 
single crystal silicon have been of little interest. It has 
been shown, however, that scrap silicon which is derived from 
, 
reject billets or from the tail-ends of crystals can be reclaim-
ed by zonal purification and can be used for certain semicon-
ductor devices. 
Finally, zonal purification has been a means avail-
able for purifying silicon so.that bulk material will exhibit 
appreciable lifetime. Silicon that has been zone refined and 
then processed into a single crystal has yielded far superior 
values for lifetime than has material that was not zone refined. 
5~ Summary 
In summary, silicon today is available by zinc reduc-
' 
tion of silicon tetrachloride. The reduction of silicon tetra-
iodide ~s being studied. Some companies have found it desir-
able to use the needle form of silicon, densifying it, then 
purifying it zonally, and finally processing it into single 
crystals of controlled impurity level. Zone refining has 
removed many of the harmful elements in silicon. It has ten-
ded to homoge~ze commercial silicon to a definite impurity 
level generally limited by the presence of boron. It has 
permitted the recovery of silio.on that is normally lost in· 
the.prooess. Finally, it has yielded single crystal silicon 
with very favorable bulk characteristics as evidenced by 
resistivity and lifetime measurements. 
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V.. MARKETING AND PRODUCTION TRENDS 
Looking back some seven years or so, the early tran-
sistors now seem like quite crude devices. The excitement of 
new discovery caused any device limitations to be overlooked 
in the optimistic claims of developments. Some of the early 
predictions are rapidly coming tnue~ but only after intense 
studies and painstaking experiments on the part of research 
men. There have been ·som.e painfUl casualties too~ with sev-
eral manufacturers falling by the wayside. Right now~ some 
forty-odd manufacturers· in the United States are striving to 
make transistors that are needed for the numerous applications 
which have arisen. 
From the beginning the race has been toward higher 
operating frequencies~ greater power handling capabilities 
and higher operating temperatures. Along with these basic 
objectives have come other requirements of particular applica-
tions. Higher operating voltages to meet var:tous power sup-
plies~ to handle voltage surges or to meet cer.tain circuit 
designs. Small as they are, transistors have to be made 
smaller for the new hearing aids. Notoriously noisy in the 
early days, the devices had to have lower noise figures for 
the low level applications they first attracted. And so it 
goes, as application upon application piles up. 
Manufacturers have gone a long way from the pulsed 
point contact. To recount some of the advances, we can begin 
with the-basic materials and their qualities~ for it is here 
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that the manufacturer must ~JJ;:tke some basic decisions on the 
direction of his efforts. About ten suppliers of germanium 
meet the demands of the in(\t;tstry. Silicon is supplied largely 
by E. I. duPont, but others are entering the field. Merck and 
Co., Ina. has just started production in Danville., Pa. Table 
I shows a list of some suppliers of basic materials. 
At the present time all transistors are being made 
of e~ther germanium," or silicon, although one company (Clevite) 
. ' 
has come forward with diodes of a germanium-silicon alloy. 
While a large company can follow both silicon and germanium 
roads, a smaller company must almost tie its future to one 
or the other. In terms of marketing what does this mean. In 
general, the answer to this may be put this way: for low cost 
units, for high frequency and general purpose applications, 
the germanium road is correct for the i~diate future. For 
high temperature applications, the military market, many indus-
trial applications, special applications' and the long range 
future, the road points to silicon. The long range future, 
of course, will also involve interm,etalli~c eoupounds. 
. ' 
In working with germanium and ··silieon over the 
years, manufacturers have found that cleanliness in all phases 
of processing are a must to prevent contamination. Assuming 
single crystals are sliced, diced, and lapped or poa1shed, 
.. 
then etched, a number of water-soluble materials as well as 
lint and dust remains on the wafers.. Ultrasonic cleaning 
techniques are successful in removing physical contaminants 
I <#~. 
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such as lint or dust not chemically bonded to material. Etching 
debris of inorganic materials which are ionic are effectively 
removed b~·~rwashing with distil&ea ·water, continuously circula-
ted. Further cleanliness is maintained throughout the fabri-
cation cycle, using dust-free, air-condi tion.ed rooms and "dry 
boxes. 11 The latter are used mainly for ·the final stages, 
where an operator, with gloved hands, handl~s the transistor 
assemblies. Long-time studies have shown tbat cleanliness pays 
off with significant improvements in voltage-current charac-
teristics, breakdown voltages, etc. 
A. Processing 
Plans for highly mechanized production of transis-
tors have been in formulation stages for some time, but unfor-
tunately new developments have come along to delay or make 
them ineffective. Suppliers of manufacturing equipment are 
looking in this direction and;Table II, shows a list of ,. 
·, ~ 
standard equipm.ents and tools devei:~ped for tbe trade. 
l . • . 
There have been many improvements made in refining 
growing of single crystals, and preparation of wafers i'or semi-
conductor products. However, significant developments in the 
;•1 
actual f!abrication of transistors have take~ the limelight. 
The outstanding development is the use of gaseous 
diffusion for making· base layers. Until this technique came 
' 
along, the bulk of transistors offered were the alloyed, grown 
junction types and electroplated surface barrier transistors. 
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Diffused layer types are now starting to make a serious bid 
• 
to compete or be combined with the older processes, despite 
initial high co~ts ~nd_despite the newness of the process. 
In 1956 three companies announced the availability 
of the diffused layer types: Radio Corporation of America, 
Texas Instruments, Inc. and the Western Electric Company, In~ 
the last company-*s being available only to the U. S. M:tli tary 
agencies and their contractors. 
In diffused layer transistors the diffusion process 
is used to incorporate a non-uniform tgraded) distribution of 
impurities in order to create an internal electric field which 
speeds up charge carriers from emister to collector. Decrease 
in transit time brings· the frequency response in the hundreds 
of megacycles,. 
The Bell Telephone Laboratorees have been usi~g the 
diffusion process for some time in the making of experiment& 
silicon photocells for conversion of solar radiation to elec-
trical power, power rectifiers and lightning protectors as 
well as experimental transistors. The Western Electric 
Laureldale, Pa .. plant, aU. s. Army Signal Corps sponsored 
facility, in 1956, started making diffused base germanium 
with the figure now being several hundred megacycles higher. 
Texas Instruments is now offering all-diffused sili-
con types, the latter being used for power applications. Ehibo 
Corporation has announced micro-alloy diffUsed-base.transistors 
. I 
6( 
(MADT) for the VHF frequencies, with some usable as oscil-
lators over 1,000 megacycles. 
Although significant advances have been made in the 
alloyed and grown types--particularly rate-growing and melt-
back--the diffusion types, by their.remarkable increases in 
frequency capabilities, have captured the eye of the circuit 
.•. 
designers •. It must be remembered, however, that the present 
diffused layer types still use alloying techniques for the 
emitter and gr'owing for the collector in most cases. 
The gaseous diffusion process has brought on many 
new problems to the manufacturer. Higher processing tempera-
tures are involved, purer and cleaner materials are required 
and new teahniques.of masld.ng and etching have to be devised. 
Even the simple act of connecting electrical leads to semi-
conductors takes a gr~at deal of study and experimentation. 
B. Testing and Aging for Reliability 
One of the advnnces the transistor industry has to 
make is.the matter of presenting design data to the circuit 
designer in a better way. Although aging is a normal process 
that all manufacturers have adhered to, the results of aging 
are now better understood and aging tests are made under .a 
variety of simulated usages rather than to some particular 
circuit requirements or system. Most transistor desig1;ls today 
show rapid changes the first few hours of aging, but these 
changes bec01.ue very gradual with time. There .is no doubt 
that testing and aging, properly planned, will afford 
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sufficient data so that the product can be wisely used and 
its reliability determined. In the early years of commer-
cial work with transistors, ·this data was seldom available. 
More and more, however, manufacturers are giving the designer 
a better idea of What he may expect in terms of variations 
in param.e ters. 
c. Related Products 
·A recent rule-of-thumb approximation of many market-
ing men in the transistor industry is that 0.5 transformers, 
3 capacitors, 3 resistors and l socket are used for each tran-
sistor made and sold.* This approximation will change, of 
course, with the growth of the industry. Taking only these 
major items and multiplying them by the millions of transis-
tors sold gives one a good idea of the immense component mar-
ket that is building up in the semic~nductor field. In addi-
tion to these components, however, there are many others 
such as batteries, diodes, speakers, microphones, headphones 
and heat sink plates. The last mentioned item is relatively 
new, brought on by the sudden surge in the production of pow-
er transistors • 
. Because microminiaturization had been going on 
since World War II many components were readily adaptable to 
transistor circuits. However, components such as transformers, 
capacitors and transistor sockets had to be designed speciall~ 
for the new semiconductor circuitry. In these three categories 
*10, p. 39 
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TABLE I 
A list of suppliers of basic semiconductor materials. 
Germanium 
Accurate Specialties Co., Inc. 
American Steel and Wire Div. 
American Zinc Company 
Eagle Pitcher Co. . 
Foundieries de Zinc de la Vieille Montagne (Belgium) 
Johnson, Mathey Co. (England) 
National Zinc Co. 
Saratoga Laboratories 
Sylvania Electric Products, Inc. 
Tsumeb Corp. (Africa) 
Union Miniere du Haut Katanga (Africa) 
Silicon 
E. I. duPont de Nemours and Co., Inc. 
Merck and Co. 
Semimetals, Inc. 
Knapic-Electro-Physios Inc., 
\ 
Other Materials, Alloys and Chemicals 
Accurate Specialties Co.,, Inc. 
Alpha Metals, Inc. 
Baker and Adamson Products 
The Indium Corporation of America. 
The Consolidated Mining and Smelting co. of Canada Ltd. 
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TABLE II 
Suppliers of equipment and tools for the manufaatuners of 
semiconduators 
Crystal Growing Equipment 
Semimetals, Inc. 
Marvel Co., Eleatronics Div. 
Kahle Engineering Company 
Glass Beading Maahine 
Eisler Engineering Co., Ina. 
Vacuum Pumping 
v. M. Welch Saientifie Company 
Dry Boxes 
P. M. Lennard Co .• , Inc. 
Wafering Machines. (For slici:rig and 
Microm.ech Mfg. Corp .. 
Felker Manufacturing Co. 
Furnaaes 
Btu Engineering Co. 
Hevi-Duty Eleatric Co. 
Ultrasonic Cutting Tools 
Cavitron Equipment Corp. 
Micromanipulators 
Brinkman Instruments, Ine. 
Microscopes 
Bausch and Lomb Optical Co. 
Welding Equipment 
Weldamatic Div. of Unitek 
Corp. 
Marking Machines 
Popper and Sons, Inc. 
Seals and Closures 
Electrical Industries, 
The Herm.aseal Co., Inc. 
Hermetic Seal Products Co. 
dicing) 
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TABLE III .. 
Suppliers of various transformer.types to the makers ot tran.~o. 
sistorized equipment. 
Audio Type 
Chicago Standard Transformer Corporation 
Gramer-Halldorson Corporation 
Triad Transformer Corporation 
Wheeler Insulated Wire Company, Inc. 
Microtran Compan¥, Inc. · 
Danavox (Denmark) 
Audio Development Company 
United Transformer Company · 
Thordarson-Meissner · 
Freed Transformer Company 
Epco Products, Inc. 
R-F Transformers (Radio.Frequency) 
J. W. Miller Company 
Superex Electronics Corporation 
I-F Transformers 
Vokar Corporation 
The Automatic Manufacturing Corporation 
Merit Coil Products Company, Inc. 
J.. W. Miller Company 
Radio Industries, Ina. 
Aladdin Electronics 
Daystrom Instrument 
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over 25 companies are making transformers, over 20 are making 
special capacitors and more than 15 are making special clips 
or sockets. 
D. Transformers 
The demand for special transformers for transistors 
has been particularly great. Transformer manufacturers now 
offer several hundred different types of transformers to meet 
all manner of impedance matching configurations. They have 
had to meet the transitions that have occurred in power lev-
els from 10 MW to 10-or more watts and .the higher frequency 
applications. However, they are often a few steps behind the 
newer transistors--lacking right now, to some extent, trans-
former types suitable for the UHF frequencies. 
Early applications of transistors were of the audio 
type, particularly in hearing aids, and the audio applications 
have continued to mount rapidly. As a result, most of the 
transformers available are in this range. Some of the com-
panies manufacturing transformers are listed in Table III. 
E .. Capacitors 
Although many miniature capacitors made previous 
to the advent.of the transistor fitted nicely into the new 
circuits,·. over twenty companies have made special efforts 
to meet semiconductor requirements. Tantalum types are used 
considerably by designersj but other types are more economi-
cal and play an important role in the industry--Centralab, 
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for example, makes ceramic disc types. These ultraminiature 
types are ideal for by-pass purposes and are considerably 
less expensive than electrolyticand tantalum types .. 
Tantalum capacitors, however, have brought many 
dividends to the designers, being available in a wide variety 
of capacity values as well as in voltage ratings. The most 
recent form of construction of the tantalum capacitor has 
been the solid anode type. These can provide more capacity 
in a given space than any other type.· Comparable to the size 
of the transistors themselves, these capacitors have low 
temperature characteristics and capacitance stability super-
ior to other types of capacitors •. These advantages are achiev-
ed by the substitution of the normal aqueous electrolyte by 
a solid semiconductor that will not leak, evaporate, freeze 
or corrode the oxide or metal layers. 
In typical manufacture, this capacitor is built up, 
layer by ·layer, on the anode, a pellet of tiny particles sin-
tared together at· a very high temperature. The pellet is 
porous and consequently has a large su~face area. 
Some of the companies make foil type tantalum capac-
itors as well as the ttwettt type with a porous anode using an 
electrolyte that is primarily a sulphuric acid solution .. 
Ohmite Manufacturing Company makes a "wire" type consisting 
of a tantalum wire coil with specially processed oxide film 
which forms the anode, enclosed in an electrolyte solution. 
Some of the other companies making tantalum capacitors are: 
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P. R. Mallory & Company, Ina., General Electric Company, 
and Sprague Electric Company. 
Of course, capacitors other than electrolytics are 
needed. Mucon Corporation makes subminiature ceramic capaci-
tors; Good-all Electric Manufacturing-Company makes a wide 
selection of miniature designs, while Radio Condenser Company 
makes several variable tuning.capacitors for the broadcast 
frequency range. 
F. Miscellaneous Components 
One of the components needed for every transistor 
· is a socket or clip to hold it.. Many varieties are made by 
a large number of wanufaoturers~ Table IV is a list of some 
companies that offer these mounts. 
Although portable transist9J:> radios will out down 
the number of B batteries sold by the battery manufacturers, 
the use of batteries in other transistor applications, par-
ticularly portable instruments, will more than make up for 
this loss. Indeed, the advent of home radios with batteries 
appears to have good possibilities. Table Vis a list of 
some manufacturers who are paying particular attention to 
the transistor market. Mercury batteries are finding favor 
with designers because of their long life and other favorable 
character'istios. Other types are being offered for special . 
purposes or .heavy duty~_ suoh_as the Gultonreohargeable nickel 
cadmium battery. A Yardney battery called the Silver lad is 
widely used by the military for _aircraft, guided missiles, 
75 
under-water weapons and electronic equipment. Silver and 
zinc are its active materials. 
Although other components to be mentioned are used 
to a lesser degree than those discussed, semiconductor diodes 
can appear in great quantities in some applications such as 
computers, power supplies and switching circuits. The number 
of companies making these is too great to list here. Because 
semiconductor diodes are used extensively in non-transistor 
circuits tt is difficult to determine their role in the tran-
sistor field with any degree of accuracy. Nevertheless, the 
dollar value is large, the estimate being close to 20 million 
dollars in 1957. For 1958 it is estimated that the figure was 
close to 40 million dollars,. 
.Hearing aids as well as portable radio receivers 
account for many headphones. These are made by, among others, 
Knowles Electronics, Inc., Dyna-Empire, Ina. and Telex.. Some 
of these companies also make microphones, great quantities of 
which are used in hearing aids. Tibbetts Industries, Inc. is 
said to have made a million hearing aid microphones. Speakers 
are made by Jensen Manufacturing Company and Radio Corporation 
of America, among others. 
At the present time the prominent applications of 
transistors outside the broadcast radio and hearing aid fields 
are in precision uses such as instrumentation. These precision 
uses call for high quality crystals and crystal ovens. Among 
the companies known in this field are: ··Electronics Division,· 
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Bulova Watch Company, Bliley Electric Company, the James 
Knights Company, McCoy Electronics Company and Varo Manufac-
turing Company, Inc. 
G. Transistorized Computers 
Yearend 1958 saw_ the introduction of several new 
computer systems, some bu~lt on radically different princi-
ples. The main characteristic common to them all was that 
they were transistorized computers. 
Philco 1 s S-1000 and S-2000 Transacs, first intro-
duced early in 1958, pointed the trend. RCA's 501 and Min-
neapolis-Honeywell's 800 are among the new all-transistor 
I 
systems. Remington Rand Univac's new data.:.proeessor is pri;.. 
marily made up of some 1,500 magnetic-circuit cards, has some 
tr~nsistors in these circuits, uses 20 electron tubes. The 
IBM 7070 and 7090 are all-transistorized; the latter is a 
transistorized version of the 709, and is claimed to be five 
times faster than the 709. 
All this has a direct impact on the market for semi-
conductor products. Th§ semiconductor market has been boosted 
by computers and industrial electronic products before. Start-
ing in 1950, computers tremendously-stimulated the pro~uction 
of semiconductor diodes. Each computer uses tens of thousands 
of these components: The Datamatic 1000, for example, requires 
over 135,000. 
As computers become more completely transistorized, 
transistor growth will be similarly spurred. 
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TABLE IV 
A list of companies.making socke~s or clips for transistors 
Atlas E-E Corporation 
Augat Bros.~ Inc. 
The Birtcher Corporation 
Cinch Manufacturing Corporation 
Elco Corporation 
Electrical Industries Div. of Amperex Electronic Corp. 
Fluorocarbon Products Inc. 
General Cement Manufacturing Co. 
Grayhill, Inc. · 
Techron Corporation 
Tinnerma.n Products', Inc • 
Vector Elect~onic Col 
TABLE V 
A list of manufacturers making batteries suitable for tran-
sistor circuits 
Burgess Battery Company 
Gould-National Batter~es, ·I~c. 
Gulton Industries .. Inc., Alkaline Battery Division 
International·Rectifier Company 
National carbon Company 
National Fabricated Products Div. of Hoffman Electronics Corp. 
Ray-0-Vac Company \. 
Yarney Electric Corporation 
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RCA's industrial products division, which makes 
the 501 system, expects to use over a million transistors in 
original equipment this yeaz:. Not all will be used in compu-
ters, of course; but each basic 501 system requires about 
20,000 transistors• 
Philco 1s S-2000 uses 41,610 transistors" with 
19,297 used in the console (computing and control circuits) 
alone. Rough estimates of IBM 1 s Remington Rand's and Honey-
well1s large-scale systems indicates that each system requires 
between 20,000 and 70,000 transistors.* 
Sa.ies of' transistors in 1959 will probably hit near 
73 nrl:.llion units, some 40 per cent greater than 1958's sales .. 
Exactly how many of' these will go into computers is difficult 
to determine: no major manufacturer of' computers is releasing 
his production estimates in what has become one of' the most 
hotly competitive areas in industrial electronics. But a firm, 
if' erratic upward trend in new computer orders has been recor-
ded by all manufacturers since November of last year. 
This trend points toward an estimate of' 300 large-
and medium-sized systems to be produced this year. Roughly 
half' of' these will be transistorized; it is large-and medium-
sized computers that.~e being redesigned as transistorized 
systems. As things stand now, computers should account for 
10 per cent of transistor sales in 1959 .. 
*15~ p. 29 
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The sudden flood of transistorized systems in the 
last six months is the natural result of trails dating back 
five years. Around 1954, computer makers were almost univer-
sally complaining that reliable~high-frequenc.y transistors 
were too expensive. Some .systems were partly transistorized 
I 
anyway: the Datamatic 1000, for instance, uses 12,000 elec-
tron tubes and over 10,000 tra~sistors. The clearly defined 
trend toward the transistoriz~d computer began to take shape 
in 1958. 
The business recession acted as a spur. Only about 
200 large-and medium-scale computers were installed during 
1958. New orders for such systems dropped during the year to 
less than half 1957's figure. During the lull, engineers were 
somewhat freer than. usual from the constant pressure of field 
· · change orders, and marketing executives began casting about 
for product changes to stimulate sales • 
• 
. 
. The change within the easiest grasp of the techno-
logy was transistorization of existing systems. 
The Honeywell Boo, however, represents a major 
departure. The logical organization of this new system con-
• tains many characteristics of the second generation of com-
puters. It is flexibly organized, can handle several compu-
tation processes simultaneously, corrects many of its own 
errors. Such facilities will characterize systems like 
Remington Rand's Larc (Livermore Atomic Research Computer), 
now under final checkout in Philadelphia, and IBM's Stretch • 
' ~ 
. ,.". 
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'VI. TRANSISTOR MANUFACTURERS 
The real growth iteli1S•of the electronic market are 
the dynamic components.# In dollar volume the older dynamics~ 
the vacuum tubes, still outsell the newer semiconductors by 
a wide margin. But sales of semiconductors are rising consid-
erably. The electronic business as a whole has doubled in 
size in the past five years, but sales of semiconduators are 
doubling and even tripling annually. Transistor sales, for 
example, rose from nothing in 1952 to 70 million in 1957. They 
have doubled again in 1958, and by 1965 are expected to reach 
$300 million.* The combined sales of diodes and rectifiers 
rose from $19 million in 1955 to $40 million in 1956. Sales 
of silicon rectifiers (which convert alternating current to 
direct current electronically) totaled about $3 million in 1956. 
They tripled in 1957, and should amount to well over $100 mil-
lion by 1965.* Since 1957 semiconductorr-;diodes have pushed 
most vacuum-tube diodes out of the market. 
Taken together, sales of all semiconductors are 
expected to reach a level of at least $500 million by 1965,* 
a seven fold gain over the previous level, and that is only 
the industry's projection; actual sales could be much higher. 
(In early 1956 optimistic industry spokesmen projected a $60 
million volume of semiconductor business for the year--a 100 
#The dynamic com~onents include the three principal semicon-
ductor devices ti.e.~ transistors, diodes, and rectifiers) 
*9, p. 137 . 
81 
per cent increase over 1955. Actual 1956 sales: $77 million.) 
In April 1952, when Bell Telephone Laboratories 
called a symposium on semiconductors and_offered patent li-
censes at $25,000 each (as an advance on future royalties), 
the conference was attended by thirty-nine companies. The .fact 
that the major tube companies sent representatives and took 
out licenses was not surprising. But it was surprising that 
many companies that had never been in the tube business bought 
tickets to enter this new field. 
What was even more surprising, several of the new-
comers quickly stole a march on the old-line tube companies. 
Companies in semiconductor manufacturing guard their sales 
figures carefully, but Fortune magazine in its April 1957 
issue suggested the following rank for 1956. 
"Texas Instruments, a little-known company 
in Dallas, placed first by a comfortable margin. 
Transitron Electronic Corp. of Wakefield, Massachu-
setts, founded in 1952, and even less known than 
Texas Instruments, ran neck and neck with General 
Electric for second place. Sylvania, the second-
ranking tube maker was fourth. (Sylvania was hurt 
in semiconductor work by the-loss of ten scientists 
and engineers to c.B.S.-Hytron in 1955. Hughes 
Aircraft, which entered electronics as a military-
equipment wa.nufacturer was fifth.u 
' 
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Some of the biggest names in electronics are far 
down on the semiconductor sales list.- Raytheon~ one of the 
oldest tube manufacturers~ for a time ranked first in the 
semiconductor field, and it still has about 80 per cent of 
the small hearing-aid transistor market. But Raytheon has 
fallen behind in other types of transistors. Philco, after 
a slow start~ is now coming along quickly with what it ~alls 
a 11 surface-barrier transistor.# R,..C._A.,the largest tube 
maker, is still far behind in semiconductors. R.C.A. got 
into semiconductors early~ had production and management 
troubles, and had to shut down production briefly· in 1954. 
But those days are behind it~ and R.C.A. is fighting ·for a 
~jar position. ' .. · 
A. Texas Instruments 
Texas Instruments~ formed in 1930., was originally· 
a small geophysical company engaged in petroleum exploration 
work on a fee basis. The company made the electronic appara-
tus used in its exploration work. During World War II, J. 
Erik Jonsson, its president, and its board chairman~ Eugene 
I 
McDermott:~ put t~e company into making airborne detectors used-
in antisubmarine warfare. P. E. Haggerty,· an electrical engi-
neer who had bec~me exp~rienced in electronics as an officer 
in the Navy•s Bureau of Aeronautics during the war, joined 
T.I. as manager of manufacturing in 1945. Jonsson and Haggerty 
wanted to diversify T.I.'s activities in electronics, but they 
#For high frequencie_s 
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had one strong conviction. They believed that small electronic 
manufacturers could compete successfully with larger ones only 
in solving major new electronic problems. Consequently~ their 
interest in Bell's announcement of the transistor in 1948 was 
immediate. Here was such a problem: How to develop and 
mass-produce the new device. 
Jonsson and Haggerty reasoned that even though G.E., 
Sylvania, and R.C.A. had worked with semiconductors in their 
laboratories before the Bell announcement (and G.E. and 
Sylvania bad already marketed some germanium diodes), none of 
these giants had much of a headstart. If their company could 
become established in the semiconductor race, Jonsson and 
Haggerty figured T.I. would have a chance to rank with the 
giants. 
The partners reasoned that T.I. could move faster 
than the larger companies--their company had no big invest-
ment in a tube plant to protect, no tube technology or tra-
ditions to forget. And thus far that is the way things have 
worked out. T.I. 1 s scientists~ headed by Dr. Gordon Teal, a 
former Bell Labs physicist~ and its production group, run by 
Mark Shepherd Jr.:~ have just one objective--always to be 
first in semiconductors with the newest. ·For example, sili-
con was recognized as a highly desirable semiconductor material 
for transistors, but germanium proved easier to control. All 
transistor makers started~ as T.I. did, with that material. 
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But T.I. paralleled its germanium work with research on sili-
con, whose superior resistance_ to heat--twice that of germanium 
meant that silicon transistors would have a tremendous military 
and industrial market. 
When a conference was sponsored by the Institute of 
Radio engineers in Dayton in the spring of 1954 to discuss 
. 
the problems of airborne electronics~-with particular emphasis 
on silicon transistors and their development--T.I.'s represe~ 
tatives attended. Several papers on the problem or making 
transistors of' silicon were read by scientists from the majo'r 
electronic companies. These scientists agreed that silicon 
transistors could and eventually would be developed--perhaps 
. 
in two or three years. T.I.'s Dr. Teal read the last paper 
of the conference. Dr. Teal read a paper describing the 
silicon transistor T.I. had already developed and was ready 
to produce. The report.was a bombshell, and Dr. Teal had a 
few shiny little specimensr~ to show to any interested lis-
teners.* Today, years later, T.I •. is just beginning to find 
competition in silicon transistors •. 
IJ\I.'s success in semiconductors demonstrates the 
soundness of Jonsson's and Haggerty's formula--compete with 
the big boys only on big things and get there first •. T.I. 1 s 
strategy has paid off. From gross sales of $3 million in l947 
the company 1 s sales had risen to $45 million in 1956, $6~ ~1.­
lion in 1957 an4 $92 million in 1958. Texas Instrument bas 
,I 
had consi·stent, though modest, earnings..;.-its first profits 
from semiconductors came in 1955. 
"' 
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B- Transitron Electronic Corporation 
Equally spectacular is the record of Transitron 
Electronic Corp. of Wakefield, Massachusetts. Transitron, 
founded in 1952,. is wholly oWned by David Bakalar, a thirty-
four-year-old former Bell Labs physicist, and his brother, 
Leo, forty-four. Leo, a successful plastics manufacturer, 
supplied the original capital and is the company-11-s business 
head. 
I The brothers have played their cards so close to 
their chests that even the industry isn't sure of Transitron's 
position in the semiconductor field. Some competitors place 
Transitron far down the list; even the highest outside esti-
ma tea are not flattering. But Transi tron is important. Much 
can be read from the following facts. Transitron has 2,500 
employees, all of them in semicondqctor work. It uses about 
200,000 square feet of plant in semiconductor production. 
(It owns 300,000 square feet of plant.) Transitron's employ ... 
' 
ment and factory usage in semiconductor manufacturing place 
it definitely in the big league. 
Transitron stands first in the production of ger-
manium diodes, and is so far ahead of the field in making 
silicon rectifiers that it will be hard to catch. It is now 
making transistors. If its silicon--r~ctifier and transis-
tor business pushes up its unit sales, Transitron may su:rge 
ahead of G .. E. in semiconductors. In fact there is a good 
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chance that the main race for leadership in semiconductors 
will be between Texas Instruments and Transitron. 
Transitron is unique in this field with respect to 
its approach, Its management has decided to remain aloof 
from the field of entertainment (radio and television) tnan-
sistors. It is in this area that competition is at its keenest. 
The plant manager has stated that the market for entertain-
ment type transistors is being flooded~.by low-cost Ja_paneee 
goods that·perform just as well as the higher cost American 
transistor. Consequently, Transitron specializes,in high 
quality spea~all purpose-transistors for military, computer 
and.power uses. In many eases it develops and produces tran-
sistors to do a specific job while under contract from another 
company. This ·means that the product is sold before it is 
even made--an enviable situation. Of course, this is poss-
ible only because of the company's reputation as a leader in 
the development of silicon.transistors. 
The company has its own subsidiary in Reading, Mass-
achusetts for. the refining of silicon. This company pro-
duces not only for Transitron 1 s use but also sells to the rest 
of the industry. Although this se~-up is considered advanta• 
_geous by Transitronts management, it is doubtful that the com- . 
pany can continue to compete with the larger silicon refiners 
like duPont since the industry does hav~ excess refining cap-
acity. 
.. 
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c. Sylvania Electric Products 
The semiconduetor division has its headquarters and 
manufacturing facilities in Woburn~ Massachusetts with an ad-
ditional manufacturing plant in Hillsboro, New Hampshire. 
This company has been one of the leaders in transistor devel-
opment and production from its start. 
Fortune Magazine estimated its sales as fourth in 
the industry in 1957. However, its competitive position has 
been slipping in recent years and at present Sylvania 1 s man-
agement feels its position is sixth rather than fourth in 
, transistor production. One of the factors contributing to 
this decline is the fact that a few key engineers and manage-
ment personnel left Sylvania when C.B.S.-Hytron opened its new 
semiconductor plant in Lowell, Massachusetts. Not until the 
present time has Sylva~ia been able to recover from this loss. 
New and superior transistors have been developed 
and are in pilot production. Among these are a "diffused-
base transistor" for operation between 20 and 100 megac-ycles 
and the "mesa-transistor1' for frequencies between 100 and 
600 megacycles. If the mesa-transistor can be produced suc-
cesfully this will provide a substantial boom to sales. One 
of the major limitations of transistors has been their inabili-
ty to operate at high frequencies. This mesa-transistor will 
provide the electronics industry with the high frequency tran-
sistor it bas craved for. 
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A development of major significance to the semicon~ 
ductor division is the recent merger of the parent company 
with General Telephone Company. The result is the new General 
Telephone and Electronics Corporation • 
. 
If there is one type of electronic equipment ideally 
suited for use with transistorized circuits, it is certainly 
telephone equipment. Telephone equipment uses little power 
and suffers from requiring extensive space. Sylvania's Send-
conductor Division now has a ready market within its own com-
pany. Company officials expect General Telephone to account 
for a substantial share of its production. For this reason 
production rates should climb considerably once the effects 
of the merger have consumated. 
D. General Transistor 
General Transistor Corporation, which bas en$oyed 
sparkling growth since :tts- formation in 1954, appears likely 
to push on to even sharper gains in 1959 and beyond. In its 
first year of operations, the company had sales of only $130.,000. 
By 1956, volume reached the $1 million level, and in 1957 
totaled $3.3 million. For 1958, General Transistor is expec-
ted to report sales of roughly $5.5 million. As for the cur-
rent year, indications are that volume may approach $10 million. 
General Transistor, which operates under a license 
agreement with R.c.A. and Western Electric, ranks as the 
seventh largest producer. in this fast-expanding industry. 
.. 
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(In all about 35 to 4o companies produce transistors.) 
Although the business is fairly competitive, General has 
increased its share of .th~ market to its present 5 per cent 
because of the quality of. its product and its operating 
efficiency. 
Because of the dynamic potential in the electronic 
computer market, General Transistor has concentrated largely 
in this field. While it serves all the major computer com-
panies, it has a particularly close relationship with the 
Univac Division of Spe:ttry Rand. 
Recently, ·sperry Rand introduced a new, completely 
I 
transistorized unit, which sells for $35,000; this price com-
pares with one of~$1 million for the original model. The 700 
series of IBM also are on a fully transistorized basis. In 
the foreseeable future, it is anticipated, the computer indus-
try will switch completely from vacuum tubes to. semiconductors, 
a development which obviously holds especially favorable impli-
cations for General Transistor • 
The company .. last yeax- introduced several new pro-
ducts. These included magnetio· recording heads for use in 
conjunction with computer tape and drum systems, bobbinless 
precision resistors for.use in analogue computers and missiles, 
and silicon rectifiers. Of this year's estimated $10 million 
in sales, germanium transistors will account for some $8.5 
million and the balance will represent the newly-entered 
silicon transistor fi.eld. 
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General Transistor is taking other steps towards 
diversification. In December 1958, a merger was proposed 
between the company and Barnes Engineering. Barnes, which 
has a growing stake in the infra-red field, probably would 
add between $2.5 million and $3 million to the company's 
1959 sales. 
Currently, General Transistor is spending more than 
$500.000 annually on research. Outlays for this purpose are 
.. divided between applied researchand product development. 
E. Silicon Transistor 
Silicon Transistor Corporation is an interesting 
illustration of the problems associated with the formation of 
-f. 
a new transistor company. The company was formed in October 
1958 to produce high reliability silicon transistors and diodes .. 
The decision to speciali~e in high reliability silicon products 
was a wise one. The market for germanium transistors is quite 
saturated and competition among the forty odd producers is 
quite keen. To make matters worse, low-cost products from 
Japan are increasing competition even more.. For a company 
interested in profits, silicon transistors and diodes are 
much more worthwhile.· They are .used where high temperature 
and reliability are of utm.Ost importance. The need exists 
mainly in the field of military electronics. 
In military electronics cost is usually of little 
importance. The primary consideration is whether or not a 
company will do a specific job. 
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In choosing to deal onlywith silicon products, 
Silicon Transistor organized a team of experienced men, mostly 
engineers, as the nucleus for its activities. 
The President has had extensive background in sales, 
administration, and marketing in semiconductors and military 
electronics. His last position was as Sales Manager of 
Germanium and Silicon Products Division, Radio Receptor, sub-
sidiary of General Instrument Corporation. 
The Vice Presi~ent, Director of Research and Devel-
opment was a development engineer, Silicon Products, Semicon-
ductor Division, Sperry GGyroscope Co. He was also a design 
engineer on silicon power transistors for military markets 
at Radio Corporation of America. 
The Vice President, Director of Manufacturing was 
a design and development engineer, Sylvania Electric Corpora-
tion; design engineer, Amperex Corporation; engineering man-
ager, Semiconductor Division, Radio Receptor, subsidiary of 
General Instrument Corporation. 
The other six members of management have backgrounds 
equally as competent but listing the details could prove rather 
lengthy. 
It is interesting to note the primary financial 
backer of this new enterprise. Mr. Arnold Malkan, a cor-
poration lawyer, has been involved in numerous ventures in 
electronics in the past. He is the former president of Silicon 
Corporation of America and is now the principal owner of 
-..=..:--.-, .. ..-:,. __ :,. ______ ;_;:__ ____ -.=_-
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Pyrometer Company of America. His most recent venture was 
the formation of Semimetals~ Inc. This company is listed in 
rpable I as one of the suppliers of basic semiconductor silicon. 
This comPB.lll':nnerged with General Transistor with Malkan becom-
ing Chairman of the Board of General Trans is tor. He held 
this position until July 1958 when be decided to step down 
and sell his stock in the company. This caused a. very con-
troversial chain of events that even now clouds the future of 
·' . 
Silicon Transistor Corporation. -
Under the Securities Act'of 1933 any large secon-
J 
dary offerings of st·ock must be ~egistered with Securities 
and Exchange Connnission. This Registration Statement by law 
had to be signed by various officers of General Transistor.; 
On May 19~ 1958 the Board of Directors agreed unanimously to 
approve the statement. ~owever 3 at a later date 3 the officers 
of the corporation r~fused to sign.the Regis-tration Statement 
unless Ma.lkan would sign ·an agreement. A principal term of 
. 
that agreement was a provision requiring Mr. Malkan to with-
hold 16~000 shares of his stock from the public offering and 
to have it subject to an option by General ~ransistor Corpora-
tion to purchase it at $21 a share for three years beginning 
July 29, 1958. The agreement also contained a restrictive 
clause forbiddingMr. Malkan·from engaging.in certain busi-
ness activities fo:r: three years •. The activities briefly in-
volve a~y connection in any capacity with any business manu-
facturing and selling transistors or any other form of semi-
. conductors. 
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On D~cember·3, 1958 Mr. Malkan, a director of Silicon 
Transistor Cor~oration, brought suit in the New York Supreme . 
. Court against General Transistor Corporation and certain of 
its officers and directors. This suit seeks to have the 
agreement declared invalid, to recover damages of $525,000 from 
the individual defendants and·to prevent the defendants from 
attempting to enforce.the covenant. 
On December 15, 1958, after Mr. Malkan instituted 
the suit described above, General Transistor Corp. brought 
suit in New York Supreme Court against Mr. Malkan and the 
officers of Silicon Transistor. This suit contains four 
causes of action which can be-summarized as follows: 
1. In violation of Mr. Malkants restrictive covenant, the 
other officers and Mr". Malkan organized Silieon Transistor 
Corporation. This cause seeks to prevent the defendants from 
engaging in such business and from selling any stock of the 
company. 
2. Alleges that the .defendants·· ·are unfairly· competing with 
General Transistor Corp. by using the name Silicon Transistor 
Corporation which is alleged to be confusingly si~lar to 
General Transistor Corp; seeks to enjoin the use of the name 
Silicon Transistor Corporation or any otbernatne siml.lar to 
1 t; and asks damages of $5oo, ooo / 
3. Alleges that the defendants other than Mr. Malkan malic-
iously induced him to break his agreement with General Tran-
sistor Corp!J and asks da~ges of $500,ooo. 
g4 
4. Alleges that the General Transistor Corp. underwriting 
agreement and the agreement of June 26, 1958 are valid and 
' 
unavoidable and Mr. Malkan did not act in good faith in 
signing them. · Damages of -$500,000 are sought against him ·. 
personally. 
It is the opinion of Mr. Malkan 1 s counsel that his 
position is meritorious and that court action will result in 
decrees favorable to Silicon Transistor Corp., Mr. Malkan, 
and the other indiviqual defendants. It should be rioted that 
all expenses of the company including legal fees in connection 
with the suit will be paid by Mr. Malkan. 
This suit is an interesting example of the intense 
competition prevalent in this industry. Any opportunity to 
hinder or eliminate the competition is used to the fullest. 
Look at the second cause. of action, for instance. General 
Transistor Corp .. claims that the defendants are competing 
unfairly by using the name Silicon Transistor Corporation 
· :,~ which is supposedly "confusingly similar" to· their own. This 
certainly seems far fetched. Those two names·appear no more 
similar than Bethlehem Ste·el and United States Steel or 
' 
General Electric and Westi~ghous~ Electric •. Of c9urse, there 
is the possibility that this action was brought merely as a 
point to concede later on in hopes. that ,_the ·other causes of 
action will prove successful. . Lab.or unions use this approach 
in coilective bargaining. They make all typeB of demands While, 
95 
in reality~ they are serious about only a few. This gives 
them room for compromise .. While conceeding little ground on 
the main issues. 
Getting back to the company itself~ management feels 
that, although their position is meritorious, the worst they 
should expect is that Mr. Malkan would be forced to divest 
himself of his 183,000 shares of common stock over a period 
of years. The company itself should not be involved. 
The company is now in volume production of silicon 
diodes and expects to be in volume production of silicon power 
transistors shortly. Th~ manufacturing facilities are in a 
one .... stoey, fully air-con~i ti()ned bu:tlding in Carl~ Place~ 
Long Island, New York.'· The plant is now being equipped with 
modern equipment and the produ(}tion force expanded. 
Management expects to be operating at a profit or 
at least breaking even in the fall of 1959. Facil~ties are 
expected to be inadequate by January .1g6o. At that time 
additional space to the present 12,50Q.~; squa.re feet will be 
required. The bu:tlding used by the c.ompany is rented on a 
three year lease and additional floor space is available in 
the Carle Place area. . ' 
One of the most difficult parts or the manufacture 
of silicon transistors.and diodes is the process of refining 
the silicon itself. For the time being, the company is avoid-
ing this problem by purchasing the silicon crystal from Merck 
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and Company. The s~licon ~e~iners suf~e~ from intense com-
petition caused by overcapacity. Consequently, small com-
panies like Silicon Transistor feel it is much less expensive 
to purchase than to compete. 
Another problem faced by a new company such as this 
is getting p~oduct approval from the Defense Department. All 
parts used in government equipment must be approved by the 
Defense Department as having passed all military speci~ications, 
more commonly known as "MIL SPEcsn. Since silicon transistors 
and diodes are used primarily on military·- electronic equip-
ment, this company is no exception. 
It·is unlikely that any of the company's products 
will be sold until it receives government approval. However, 
management claims that 1 t~ products surpass the MIL SPECS 
and that it is only a matter of time be~ore the government 
paper work is completed and final approval given. Then the 
way will be open to possible sales. 
It is interesting to note that Silicon Transistor 
Corporation is by no means unique. Many companies just like 
this are being ~ormed in hopes o~ sharing in the growing sales 
of transistors and especially the profitable silicon transis-
tors. The opportunity is certainly there, but success will 
be dependant on producing a superior product. In the mili-
tary field cost is not as. important as p~oducing ~quality 
product. 
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F. The Contest 
The outlook for the firms now making transistors 
is uncertain. A competitive shakeout.is already'underway. 
Such a shakeout is inevitable beca~se semiconductor products 
are becoming standardized. Unlike the early days, when 70 
to 80 per cent of the semiconductors produced were rejects 
that couldn't be sold, most unitstoday are usable. Clever 
machinery is now producing diodes by the million, with the 
result that costs and sales prices have dropped so rapidly 
that manufacturers without the most modern production tools 
can't compete. 
Ingenious machines are now being designed to mass-
produce transistors too. For example, Philco's new "surface-
barrier transistors" (high frequency transistors) are al-
ready being made by advanced mass-production-techniques nearly 
comparable to the methods used in making vacuum tubes. 
Perhaps the most difficult decision confronting 
electronic company managements today is when to tool for mass 
production. Decisions like Philco 1 s are daring because the 
semiconductor art is so new and· so fluid. Any time a better 
product may sweep the market. Sylvania's semiconductor· 
diodes, for instance, dominated the diode market in the early 
days, but Sylvania lost this positio.n when Hughes produced a 
better diode. But these decisions, difficult as they.are to 
make, must be made.. And in making them, management has to be 
decide when it has the optimum products, from which it can 
cut costs by tooling for mass production. If the decision is 
made wisely, a company with a superior product has ~.good 
chance of leading a market for ye~rs. 
In the commercial markets, product evaluation and 
timing were never more important. Scientific knowledge and 
inventive ingenuity are no longer enough for success in 
transistors. Business judgement, backed by the kind of money 
that can pay for at least a few mistakes, is the new and 
highly important ingredient that has been added to component 
manufacturing. 
G. Foreign Competition 
Not only is competition very intense among American 
producers of transistors but a new factor is becoming evident--
competition from foreign.manufacturers. It is an old story 
now tbat this country is facing more trou~le from foreign 
competition because of' otn:t high costs of labor and machinery. 
This situation is new to electronics, however. 
Germanium transistors are now mass produced in 
Japan. Those involved are the comparatively inexpensive and 
simple to produce entertainment type; i.e .. , for portable 
radios, automobile radios, etc. These items were subject to 
'price cutting and low margins before foreign goods entered 
the picture. Now, most larger companies must continue to 
produce and market them just for the sake of· providing cus-
tomers with a complete line. 
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A good example of the effect that Japanese electron-
ics is having on entertaimnent_equipment is the line sold 
by the Radio Shack Corp. of Boston labeled with their oWn 
"Realistic" brand name. Their equipment, such as portable 
radios, high fidelity amplif'iers.and tuners, speakers, ·etc., 
are designed by American engineers but manufactured entirely 
in Japan in large quantities. A typical item is a transis-
torized portable radio sold at $19.95 and comparing quite 
favorably to R.C.A,. Victor's product with a list price of 
What can be done to solve this problem of foreign 
competiton? There are many possibilities but are they 
really reasonable? 
Import duties and quotas would help reduce foreign 
competition. This would give domestic producers at least 
a chance to operate profitably. However, this is nqt feasible 
--/~ 
since it damages those· Japanese or other forei~~~~~ptilcs 
:;;.~~:-- '; --~~:::~ 
companies by cutting out their markets. Our...:;:nation nas it":. 
~ ::E ~ g ~ 
responsibility as a leader of the tree wori&Sto stie~th.eti· 
'·~~ :: ~_:.- :: ~~. ~ ~ .. 
the economies of friendly nations and if poa~'Jtle ~ '~n~p ,.'P'q.~m 
,~~~~~~~~- -~~~~·:;~-· 
from being forced to deal with Communist natioils~ .. ~n··tnis 
... :--~ ~ ~: - -~ 
respect duties and quotas are out of the question. 
Domestic producers could lower their prices to meet 
foreign competition. The losses this would impose on them 
would be too burdensome to maintain} so this is out of the 
question. 
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The most reasonable solution appears to be to con-
tinue producing the competitive types.merely to present a 
complete line to potential buyers while concentrating on the 
more complicated tl"ansistors :r.or high frequencies~ high tem-
peratures and high rates of power. Most companies are now 
doing this. The burden is being placed on the researah and 
development staffs to make these new Pl"oducts possible. There 
are many fields wide open with numerous types required for 
each. 
Most new oompanies_like Silicon Transistor Corp. 
. . . 
and Solid State Products~ Inc~ in Salem, Massachusetts realize 
that entertainment types ai'e too competitive so do not even 
attempt to become involved with them. The lucrative area is 
with silicon transistors and diodes for military uses where 
products s_ell for $20 and up vs. $1 and up for the others .. 
In the previous discussion on Transi tron Electroni_c Corp. it 
was noted that even they refuse to handle the cheaper more 
competitive products even though they are one of the largest 
transistor manufacturers. 
H. Giants of the Future 
A·companyts position in component manufacturing can 
be crucial to its success in electronics generally. There is 
no doubt that .G.E. and R.c.A., the giants that now produce 
. . 
nearly 25 percent' of all electronic goods, have reached their 
present-position of eminence partly as a result of having 
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their operations soundly based on the production of outstand-
ing dynamic components. ·With this base they are able to move 
with some assurance into any of the many electronic markets. 
. . 
Hardly a month passes without a new component.d.evelopment 
that may result tn better and cheaper circuitry, and the com-
pany. that develops the new co~ponent necessarily has a lead 
on the ones that· don •· t. 
or course.t·it does not follow thatmerely because 
a company is a top, component maker it can rank with G.E. and 
R .. C.A. in the manufacture'or·equipment. But it would be 
hard to imagine a company with eith_erG.E.,ts or R.c.A.•s 
depth in electronics without such a components business. 
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VI:t_ ROADBLOCKS TO INDUSTRY GROWTH 
Much has been said about the transist.or replacing 
the "old fashioned" vacuum tube. Is this really t:l:'.ue though? 
Actually the transistor is well short of accomplishing this 
task. Prediction of an early fade-out for vacuum tubes have 
proved greatly exaggerated. They.not only still outnumber 
their supposed replacement in TV ~ets and electronic gear of 
all sorts, but their sales are increasing. 
Meanwhile, sales gains aiso are being recorded by 
semiconductors. But quite a bit of the technological glamor 
surrounding the little units is wearing off. Many users are 
finding the "mighty mites" aren 1 t so mighty after all when 
they are subjected to rough treatment, high temperatures and · 
heavy powerloads. And the problems involved in cutting their 
costs and improving their reliability are proving more diffi-
cult than had been anticipated ... 
Transistors have been finding an increasing place 
in electronic c:].rcui try because. they are .. just a fraation of 
the size of vacuum tubes,· use less than one-hundreth of' the 
powev the tubes do, generate no heat, and last 30 to 40 times 
as long. The future of' transistorized components is especially 
promising in the fast growing computer field. But transistors 
have been losing a few rounds lat~ly in the competitive battlo 
with vacuum tubes. 
103 
A. Unpredictable Transistors 
Engineers at National Broadcasting Company 1 e Holly-
wood and Burbank TV studios were pleased recently when the 
company installed a transistorized switch so that at the push 
of a button they could transmit a picture over the network 
from any one of five studios. Their pleasure was shortlived. 
Suddenly 3 the switch began changing the picture on its own, 
to the . amazement of TV viewers who got some highly impromptu 
sights as a result. The trouble was traced to the transistors 
which went haywire as their environment heated up. 
The interruptions lasted only about 10 seconds and 
as yet no irate program sponsor has demanded h~money back 
from N.B.C., but the network. engineers have become 11 gun-shy., 11 
Instead of replacing all switches with transistorized versions, 
the network has resuxn.ed its former dialing method like a te.le-
phone for changing programs. 
A number of producers of consumer products pro-
claim their disappointment in the abtlity of transistors to 
stand up under rugged handling. Mattel, Ina. of Culver City, 
California"·for example, has'discontinued the transistorized 
toys it had hoped to market on a nation-wide basis. Sid 
Handler, the company's chief_purchasing agent said 3 "The 
brutal truth·is you can't make them strong enough for kids .. 
vlhen parents pay up .to $20 ror a transistorized toy, they'll 
bring it right back if it doesn 1 t work."* 
*14, p. 1 
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All this is not to say that transistors have flopped. 
Indeed 6 few industries· can match their growth record in the 
past five years. The key to the soaring growth is chiefly in 
two widely dissimilar products spawned by this age of elec-
tronics--missiles and transistorized portable radios.. or the 
2 .. 3 million portable radios that were produced in the first 
nine months of 1958, more than 75.per.~ent were fUlly tran-
sistorized; that compares with slightly less than half of 1957 1 s 
full-year output •.. 
Missiles 1 contribution to transistor success lies 
in their increased production. Transistors~ because they 1re 
light, small 6 generate little heat and use little electric 
power, a;re important to space and weign~-conscious missile 
makers. 
B. Transistors Vs. Electron Tubes 
But vacuum tubes are standing their ground against 
the onslaught of transistors. DOllar sales in 1957 amounted 
to $380 million6 ,up slightly from the $375 million or th~ year 
before and sharply higher than the $300 million sales recor-
ded in 1953, when transistors were·in their infancy. Though 
' . I ~ 
vacuum tube sales slipped a bit in 1958, industry officials 
• I 
I • 
say a turnabout is in progress and are predicting a sales 
gain in the future. For many of the major producers--Radio 
Corporation of America, General Electric, Westinghouse and 
Sylvania, to name·a. few-•the outcome of the battle is of 
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.largely academic interest, because they 'UJS.nufacture both kinds 
of this electronic equipment. 
Though transisto~s are already, used in three quar-
ters of the portable radio market, they are making practically 
no headway at all in television receivers. The chief reason, 
according to some set makers: competitively-priced transis-
tors won•t satisfactorily reproduce radio wavelengths at high 
operating voltages. The average radio operates on frequencies 
of about 50 megacycles and 25 watts of power compared with the 
.100 megacycles and 50 watts of power that hum through TVs. 
An official of Zenith Radio Corporation, Chicago, 
I 
says transistors have lagged in TV productionbec.ause they 
are still too ex.pensiveand because there is no significant 
advantage from a transistor in a TV set over a vacuum tube. 
Zenith uses transistors extensively in its hearing·a~ds where 
space is at a pre~um, but in television where there is a 
large picture tube, there is still a good deal of space left 
anyway. 
A bit more enthusiastic about the new tube is the 
Admiral Corporation. That company has stepped up its efforts 
to expand the use of transistors. It has been found, though, 
that the major hurdle is their relatively high cost. A typi-
cal transistor .for a television set· costs about $1.25, com-
pared with 50 to 60 cents for a vacuum tube. 
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An interesting announcement was made in March 1958 
by Radio Corporation of America saying they had completed 
design of a series of miniature.eleetron receiving tubes. 
These are to make possible mass production of smaller, longer-
lived and more reliable units.. Termed the nNuvistortt coneept, 
the design eliminates or minimizes most of the causes of 
tube failure through the use of stronger materials and simpli-
fied parts. 
Limited commercial production will begin in the 
first half of 1960 and prices on the thimble-sized tubes 
should be competitive with those of conventional tubes and 
transistors in comparable quantities. The cylindrical design 
permits a high degree of mechanical assembly and can be used 
for a complete line of electron tubes. 
Nuvistor samples will be provided to the electronics 
industry in the second and third quarters of this year. The 
new tubes will find applications in television sets, commer-
cial communications, computers~ and other industrial and 
military electronic equipment. 
Nuvistors are more versatile than transistors, 
because they can handle wider ranges in voltage, power, fre-
quencies, and temperature and are physically more rugged, 
some engineers say. However, transistors would have the 
advantage where portability and conservation of power are the 
chief requirements. 
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The competition between transistors and electron 
tubes continues with each striving to bring out products to 
,perform tasks better than the other .. ·rn. the long run, this 
competition should prove very beneficial to the electronic 
equipment producers by providing them with superior -products. 
c. Effects from Lack of Automation 
Because ma.nufact~ers haven't yet learned to turn 
out transistors on automated production lines as they have 
vacuum tubes, some users fret that the performance character-
istics of transistors vary too much to suit the requirements 
of precise electronic gear. A hundred transistors are not 
going to have uniform characteristics but a hundred vacuum 
tubes very likely will. 
But of all their shortcomings--unpredictability, 
power and frequency limitations, fragility and heat sensi-
tivity--none .cools the enthusiasm of potential users more 
' -' - ' " -than the price tags on some .. of the more. specialized members 
of the transisto~ family. Price iS irreleVant When the mili-
tary is doing the buyih~~ and/ performance is at a premium. 
Industry sources calculate that the military spends on an 
average $5 for every transistor_it buys·compared. with $1 for 
each for commercial customers. Thus, while the Defense 
Department bought only halfas :many transistors_ in the first 
eight months of this year as did .. commercial· buyers, it accoun-
ted for 69 per cent of the industry's total dollarvolume. 
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Few producers of connnercial goods have the crying 
need for space saving, that confronted the Autonetics Division 
of North American Aviation, · .. Which developed. the inertial 
guidance system Which led the Nautilus and Skate under the 
Polar ice across the North Pole. The device had 100 tran-
sistors to each vacuum tube in it. If .tubes had been used 
exclusively, the system would have been so big that it would 
not have fit into the Nautilus; the submarine would have had 
to be built around the system. 
However, N.B.C. would .like to see transistors used 
in television cameras to cut down their size for greater 
maneuverability. But they don't have the problem of weight 
that missiles do so they are in no hurry. 
·- D. Rapidly Changing Product 
.One factor that bas hampered the growth of the tran-
sistor business is the lag between the introduction of the 
new devices and their acceptance by users. Users of vacuum 
tube gear would like to amortize- their present equipment com-
pletely. 
Minneapolis Honeywell's Datamatic Division ran into 
this problem with ita electronic computer the "Datamatic looon. 
Each computer contained thousands .of vacuum tubes. The compu-
ter was designed at a cost af millions ·of dollars about 1950 
when transistors to do the job simply were not available at 
any price. Since the tubes performed.their mission, the firm 
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was reluctant to spend another $2 million or so to redesign 
the computer to use only transistors. However, competition~ 
has finally forced it to do so and Datamatic has recently 
announced its new completely transistorized "Honeywell Boon 
selling.at a fraction of the $2 million charged for its pre-
decessor. 
Prices of transistors are coming down quickly, due 
to competition with the industry and with the vacuum tube 
industry, and to advancing manufacturing techniques. It. must 
be remembered that tube manufacturers have had 40 years in 
.which to learn to make ,their product cheaply. If you go 
through a tube factory you are struck with the complexity or 
tube manufacture. .Vacuum tubes consist of filaments which 
must be enclosed in a vacuum before they will operate in the 
same manner as transistors. This fact alone, in contrast to 
simply coating a bit of semiconductor, makes tube manufactur-
ing more complex. 
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VIU. SUMMARY 
A. Sales Trends 
The transistor industry has been characterized by 
a spectacular growth trend. In five years sales have gone 
from practically nothing to $140 million. This can be attri-
buted to the products acceptance by the producers of~missiles~ 
electronic computers and.portable radios. 
In each of the three areas mentioned the.circuit 
designers have found transistors, to use less power~ take .up 
less space, operate at higher temperatures and to h~ve a 
life much longer than electron tubes. Engineers must. now 
adjust their thinking and background•to include transistors 
and how to use them. .. · 
It is interesting to note Chart 1 ~howing.the month-
ly factory sales of the transistor industry in the period 
1956-1958. It can be seen that except for one comparatively 
short period sales have increased fantastically. The growth 
trend continued from 1956 into 1957. In about August or 
September it stopped with unix sales dropping slightly and 
dollar sales leveling off. 
in the sale price per unit. 
Apparently this was due to a rise 
In all probability more tran-, 
sistors were produced for special purposes like missile work 
where function is more important than cost. 
This interruption in the growth trend can be attri-
buted to the recession that began at that time. It is impor-
tant to realize that although the recession had quite severe 
TABLE VI 
Factory Sales of the Transistor Industry 
1956 ... 1958 
1958 Sales 1957 Sales 1956 Sales 
(Units) · (Dollars) {Units) (Dollars) (Units) (Dollars) 
Jan ... 2,955,247 6,704,383 ·1,436,000 4,119,000 572,000 
Feb. 3,106,708 6,806,562 1",785,300 5,17_2,000 ~18,000 
Mar. 2,976,843 6,795,427 1,904',000' . 5 321' 000 I I 708,000 
. APr. 2,856,234 . 7,025,547 1,174,000 . 4,880,000 832,000 Not 
May 2,.999,198 7,250,824 . 2,055,000 . 5,636,oop 898,ooo Available 
'• 
June 3,558,094 8,232, 343· . 2,.245,000 6~121,000 1,130,000 
July 2,631,894 6,598,762 1,703,.000 4,216,000 885,000 
Aug. 4,226,616 7.9 .t975, 935 2,709,000 6,598:,000 1,315,000 
Sept. 5,o76,443 10,()11,412 3,231,000 6,993,000 1,115,000 
Oat. 5,595,000 13,462,000 3,544,000 7,075,000 1,290,000 
Nov. 5,441,000 12,442,000 3,578,700 . 6,989,000 1,8'29,000 
~ 
Dec. 5,628,000 16,596,000 2,773,000 6,619,000 1,608,000 
47,051,000 $112,701,000 28,738,000 $69,739,000 12,.840,000 $37,352,000 
J-1 
Source: Electronic Industries Association J-1 J-1 

113 
effects on some industries producing durable goods, the tran-
sistor experienced merely a pause in its growth. The reces-
sion in our nationrs economy reached its trough in April 1958 
when it began to retrace the ground it had lost. By the last 
quarter of 1958 new highs in Gross National Product were be-
.. 
;tng:-a.ahieved.· There is no question that the recovery was 
very rapid. 
However, speaking of rapid recoveries, the transis-
tor industry reached its low point in sales in March-April 
. . 
1958 coinciding with the economy as a whole but w.i.thin two 
months the industry sales figures had not only recovered all 
lost ground but were at reeord levels. Since then the rate 
of inerease has been _even greater than the pre-recession rate·. 
McGraw-Hill in its.Electronics Magazine (January 30, 
.~ . 
. 1959 issue) says opinions on transi~tor sales for 1959 center 
. •. 
at $165 million. Some see prospects for sales as ~gb:>atF 
$190 million while others· look for a somewhat. lower to.tal, 
about $140 million. Transistor sales in 1958 totaled about 
$113 million. 
Transistor unit sales in 1959 are estimated at 73 
million. High-low unit sales.range is between 84 million and 
62 million. About 47 million transistors were sold in 1958 •. 
Decline in average transistor prices is expected 
to continue in 1959. One manufacturer anticipates a seven-
per cent fall in prices. However., price changes will vary 
.l 
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., 
according to users. Consumer product transistor prices 
are expected to decline. But prices of industrial and military 
types are expected ~ither.to remain the same or to \ncrease. 
Behind the overall transistor picture for 1959 are 
. 
expectations of more sales to military and industrial users. 
. Military sales are expected to be up 4o per cent .. \ In the 
industrial field, computer sales are expected to double. 
Because of the relatively lower cost of tube circuits, tran-
sistors are expected to make little progress in penetrating 
the television market. 
Chart 2 shows the relationship of research and 
development outlays to sales for the period from 1954 to 1957. 
In 1954 the industry was in its infancy (actually you might 
say it still is) so its primary motive was to develop a sur-
• 
ficiently wfde line of products to entice the electrpn tube 
'. I' 
users to switch to transistors. Quality ··also had to ·be de-vel-
oped. 
Nevertheless, sales were not. .. ~ large enough to cover 
research and development costs iri 1954. In 1955 sales were 
a bit larger and in 1956 sal(\S finally became significantly 
larger than research and development costs. These costs are 
quite necessary, however. They might even be considered an 
investment in the future. 
Even now more is spent on research and development 
than ever before~ Silicon transistors are being developed 
~ ~ . 
for high temperature applications and the so called "mesa-
transistors" for high frequencies. 
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B. Transistors Vs. Electron Tubes 
Transistors have been heralded as the wonders of 
electronics. Much has been said about when and by how much 
they will surpass vacuum tubes in· electronic circuitry. 
Chart 3 was published in Fortune Magazine. It 
shows the sales trend of both vacuum tubes and semiconductors. 
According to this chart, semiconductors will really begin to 
grow in 1960 while in the same year vacuum tubes will cease 
their growth. As a matter of ract, their sales will decline. 
This apparently would be due to the fact that transistors 
would begin to be used in place or tubes in new equipment. 
As evidence that this may have already begun to happen are 
the following facts: 
In the first nine months or 1958 sales or tubes 
were 291,718,000 units as compared to 341,663,000 in the same 
1957 period. This is a drop of 14.6 per cent; possibly due 
to the effect of the recession. However, in the first n±ne 
months of 1958 sales or transistors were 30,'387,277 units as 
compared to 18,842,300 in the same 1957 period. This repre-
sents an increase of 61.3 per cent in a recession year. 
' These figures certainly substantiate the information 
presented in Chart 3. But will this really happen to such a 
degree? The recent recess~on may have distorted the situa-
tion. That 61.3 per cent-increase in transistor unit sales 
may have happened because ~he product is so new that new uses 
. ~I 
alone have provided its growth.. Once JQ.ost of its potential 
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uses have been realized then its growth trend would be more 
closely tied to the electronics industry as a whole. When 
that happens the competition with vacuum tubes will really 
be on. If by then the average unit prices of transistors 
can be comparable to tubes, the latter will approach the end 
of the road,. 
Transistors have many advantages over vacuum tubes 
but they have limitations also. Consequently, there will al-
ways be some applications for electron tubes that transistors 
can never deny.. The way some people expect the situation to 
turn out is as follows. The electronics industry as a whole 
is growing rapidly. There seems to be no realistic reason 
why there is not enough room for both transistors and vacuum 
tubes to grow. It is true that growth of transistor sales 
will be considerable but electron tubes will grow too,. 
This approach seems niuch mo!'e logical. Many perio-
dicals tend to make exaggerated statements to help prove a 
poin.t,. It appears that transistors have fallen prey to this 
as well as any other subject. 
Refering again to the Nuvistor concept announced 
by R.c.A. and discussed previously, these miniature electron 
tubes could provide the tube industry with the product to 
maintain its existence. 
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c. Competition 
There ·is no denying the fact that since transistors 
are expeated to grow so much that there is considerable room 
for profits in this field. Many aompanies realize this and 
are jumping on the bandwagon~ There are now almost forty 
transistor ma.nufaaturer$. .Consequently, the competition is 
becoming very keen. Not al~ of these producers will be 
successful. Since the product involved is changing and pro-
gressing so continually it is the companies with the most 
competant research staffs who will benefit. .· 
Even now new companies are being formed to manufac-
ture transistors. The wiser ones will consider these facts, 
however. The field of germanium transistors has become very 
competitive. This is true because germanium is much easier 
to work with than other semiconduator materials, especially 
silicon. Transistors for entertainment uses (radio, televi-
sion, etc.) are much less critical and so are comparatively 
easy to produce. Therefore, manufacturers have had little 
trouble entering this market. 
To make matters worse foreign producers are increas-
ing competition. The most notable example is the importing 
of cheap goods from Japan. In most cases the transistors are 
not imported themselves. They are used in equipment built in 
Japan and sold in this country by electronic 0 discountn hou-
ses iike 11 The Radio Shack11 , 11Allied Radio," etc. American 
manufacturers of this type of equipment cannot produce their 
' ' 
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goods at the same price at which the Japa:p.ese goods are sold 
let alone sell them at similar prices. 
The one area now remaining where opportunity is 
unlimited is that of silicon transistors. Silicon is very 
abundant, since it is found in sand, but is very difficult 
to purify for use as a semiconductor. Any company that can 
discover easier and cheaper ways to work with this element 
will be richly rewarded. A number of chemical companies are 
now producing silicon for the. transistor manufacturers and 
many producers find their material cheaper than arry they 
could manufacture. 
As of now Texas Instruments and· Transitron Elec-
tronic Corporation have the silicon transistor field to 
themselves. However, companies like R.c.A., Westinghous~, 
G.E. and new ones like Silicon Transistor Corp., Solid State 
Products, etc. are working feverishly in an attempt to develop 
competitive products. Eventually this area could become as 
competitive.as the germanium field. However, this m6st 
lucrative portion of the industry has plenty of room for com-
petition and it is growing more rapidly all the time. 
D. Marketing Considerations 
The marketing structure of the transistor industry 
is not unique. ·Many component manufacturers use the same 
arrangement •. It involves the use of company sales engineers 
and manufacturers' representatives. 
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Sales engineers are used by_ the companies to deal 
directly with large consumers like distributors and equipment 
manufacturers. Their job is to resolve customer problems as 
to what types to use and arrange for developing special pur-
pose transistors under contract~ Of course·their services 
are available to customers of all types and sizes but they 
specialize in selling to large accounts. 
Manufacturers• representatives are used by produc-
ers of transistors to cover the smaller accounts. A large 
company While maintaining a large sales engineering staff 
still cannot cover all potential users wi~hout these manufac-
turers' "Reps". Smaller companies with small sales engineer-
ing staffs need them even more. It provides them with the 
most market coverage with the least cost. The "Reps" usually 
are gi:ven exclusive rights to a territory's small.companies .. 
E. Conclusions 
This thesis has attempted to provide an understand• 
ing of the problems connected with the transistor in.dustry. 
Although the discussion may have seemed technical at times, 
this was someWhat necessary to look at the situation realis-
tically. The :manufacturers of components for the electronics 
industry face many complex and technical problems. 
The industry is in its infancy and presents tremen-
dous opportunity--whether consideration is given to the suc-
cess of the firms involved, employment considerations, or 
investment motives. 
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Although thereare about forty firms now in this 
field, there is room for any one of them or possible new-
comers to be quite successful by_ developing new and better 
products--and there is much room for improvement. Company 
research staffs are working feverishly .to beat each other 
to developing transistors for uses with higher frequencies, 
voltages, power levels, and temperatures, which are the 
barriers that prevent the transistor from growing even faster. 
The rapid growth of the industry provides wonderful 
opportunities for competent people -working in the fie1.d to 
progress with the industry. Previous discussion covered the 
typical example of the Transitron Electronic Corp. from 
Wakefield, Massachusetts. This company grew from less than 
ten people to over two thousand in a little over five years. 
Any competent people, especially engineers, who started with 
the company at its beginning, could be in good positions now. 
Some companies are in the poistion now that Transitron was 
a few years ago and some of the more established firms might 
grow as much as the new ones. 
As an investment the transistor industry is diffi-
cult to analyze. Most manufacturers are divisions of larger 
companies, for example--R.C.A., G,.E., Westinghouse, while 
others are privately owned, for e.xample--Transitron, Solid 
State Products, etc. However, the remaining few corporations 
with stock available to the public have been bid up to very 
123 
high prices in relation to earnings. Texas Instrumentst stock 
rose from 26 to 90 in 1958 while earnings per share rose ~rom 
$1.11 to $1.84. General Transistor rose from 17 to 72 in the 
same period while earnings rose from $1.13 to about $1.45. 
Common stock in Silicon Transistor Corp. was bought by its 
management at 20¢ per share in October 1958, sold to the 
public at $3 per share in January 1959, and in March 1959 was 
selling at $12 per share., Silicon Transistor is a new com-
pany just beginning to produce transistors, let alone sell 
any. 
So you can see that the.investing public has already 
discounted much of the growth that is expected over the next 
few years. There are not many companies that produce mainly 
transistors, and tbose that do are very expensive. 
As electronic equipment becomes more and more intri-
cate and cumbersome, transistors help to remedy the situation 
more.and more. They are compact, 'have long lives, do not 
need a heated cathode, and consume little power •. · Many people 
have made estimates·as to how fast the industry will grow and 
when it will surpass the electron tube industry in supplying 
. 
components to the producers of electronic equipment. Al-
though these estimates may be far from accurate, no one doubts 
the fact that its growth will be rapid and it will surpass 
the tube industry. 
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